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Abstract
The activities of the Nuclear Physics Section of the Institute of
Applied Nuclear Physics from mid 1979 to mid 1980 are surveyed.
The research program comprises both contributions to fundamental
and applied nuclear research. The activities on,the application
of nuclear methods mainly concentrate on the application of gamma-
ray spectrometry to nuclear fuel assay problems, the development of
a proton microbeam for elemental analysis, and the production of
radioisotopes for medical application. The study of nuclear reac-
tions induced by alpha particles, 6Li ions and fast neutrons, and
the measurement of optical hyperfine structure using high-resolution
laser spectroscopy form the major part of the fundamental research
work. In addition, the operation of the Karlsruhe Isochronous Cyclo-
tron is briefly reviewed.
Zusammenfassung
Es wird über die Tätigkeit des Teilinstituts Kernphysik des Instituts
für Angewandte Kernphysik von Mitte 1979 bis Mitte 1980 berichtet.
Das Forschungsprogramm beinhaltet sowohl Anwendungen der Kernphysik
auf Probleme der Kernenergie als auch grundlagenphysikalische Ar-
beiten. Schwerpunkte der angewandten Arbeiten bilden die Anwendung
gammaspektrometrischer Meßverfahren zur Spaltstoffbestimmung, die
Entwicklung einer Protonenmikrosonde für die Elementanalyse sowie
die Erzeugung von Radioisotopen für medizinische Anwendungen. Zu den
grundlagenphysikalischen Arbeiten gehören Untersuchungen von Kernreak-
tionen mit Alpha-Teiichen, 6Li-Ionen und schnellen Neutronen sowie
die Messung der optischen Hyperfeinstruktur mittels hochauflösender
Laserspektroskopie. Ferner wird der Betrieb des Karlsruher Isochron-
zyklotrons kurz geschildert.
The Institute of Applied Nuclear Physics of the Karlsruhe Nuclear
Research Cent re is engaged in research in fundamental nuclear
physics and its applications to problems of nuclear eneigy, solid
state physics, medicine, and analysis. This report gives a survey
of the work of the Nuclear Physics Section from mid 1979 to mid
1980. Progress of the Nuclear Solid State Section is reported se-
parately.
Most of the experimental research makes use of the two accelera-
tors of our institute, a 3.7 MV single stage Van de Graaff em-
ployed mainly for neutron time-of-flight work,and the Karlsruhe
Isochronous Cyclotron. The latter accelerates protons, deuterons,
a particles,and 6 Li ions to 26 MeV/nucleon.
A number of important changes occurred or were initiated around
the isochronous cyclotron. By January 1,1980, a group engaged in
the activation of machine parts for wear studies was transferred
to the cyclotron laboratory from the Laboratory of Isotope Tech-
nology of the Research Centre. The steadily increasing demand of
machine time for applied work, mainly in mechanical engineering
and isotope production for nuclear medicine, has led to the de-
cision late in 1979 to order a second, compact cyclotron. This
will be a 42 MeV negative hydrogene ion machine and is expected
to take over most of the applications in 1982. Meanwhile the work
on the MAFIOS ion source for completely stripped carbon, nitrogene,
oxygene and, hopefully, neon ions has proceeded succesfully. Con-
struction of the annex to the cyclotron building for this ion sour-
ca has started, and planning of the building for the compact cyc-
lotron is under way.
In most fields, research work proceeded along the lines indicated
by the work of previous years. The measurement of nuclear radii
and moments by laser spectroscopy has been extended to nine cal-
cium isotopes. The analysis of a particle scattering with the aim
of determining neutron distributions in nuclei has been further re-
fined. Measurements of neutron capture cross sections of relevance
to the s-process of nucleosynthasis have been extended, and their
analysis yielded improved parameters of the flux distribution pre-
vailing during this process. The system for measuring the en-
richment of uranium on-line during the production process in a
fuel fabrication plant has been installed in the factory and
completed the first six months of operation successfully.
In June 1980, the institute was host of the 17 th European Cyclo-
tron Progress Meeting attended by 125 participants from 15 Euro-
pean countries, Canada and the USA. It was considered to be a
successful meeting, in spite of a post-conference hike to the
Black Forest drowned in pouring rain.
Das Institut fUr Angewandt. Kernphysik des Kernforschungszentrums
Karlsruhe bes~häftigt sich zu etwa gleichen Teilen mit Grundlagen-
untersuchungen z~r Kernphysik und ihrer Anwendung auf Piobleme der
Kernenergie, Festkörperphysik, Medizin und Analyse. Der vorliegen-
de Bericht gibt einen Überblick Uber die Tätigkeit des Teilinsti~
tuts Kernphysik von Mitte 1979 bis Mitte 1980. Über die Tätigkeit
des Teilinstituts Nukleare Festkörperphysik wird getrennt berich-
tet.
Die meisten experime~tellen Arbeiten nutzen die beiden Beschleuni-
ger unseres Ins~i~tit~~, einen einstufigen Van-de-Graaff von 3,7 MV,
der hauptsächlich für Flugzeitmessungen von Neutronen eingesetzt
wird, und das Karlsruher Isochronzyklotron. Das Zyklotron beschleu-
nigt Protonen, Deuteronen, a-Teilchen und 6Li-Ionen auf 26 MeV/Nu-
lr:1eon.
Am Zyklotron wurden einige wichtige Änderungen durchgefUhrt oder
eingeleitet. Anfang 1980 trat die Gruppe, die sich mit der Aktivie-
rung von Maschinenteilen fUr Verschleißuntersuchungen beschäftigt,
vom Laboratorium fUr Isotopentechnik des Kernforschungszentrums in
das Zyklotronlaboratorium Uber. Die stetig ansteigenden Strahlzeit-
anforderungen von Seiten der Anwendungen, vor allem im Maschinen-
bau und der Isotopenproduktion fUr die Nuklearmedizin, fUhrten zu
dem Entschluß, ein zweites Zyklotron zu bestellen. Es handelt sich
hierbei um eine Maschine, die negative Wasserstoffionen auf 42 MeV
beschleunigt. Sie soll ab 1982 den größten Teil der Anwendungen
übernehmen. In der Zwischenzeit kommen die Arbeiten an der MAFIOS-
Ionenquelle, die "nackte" Ionen der Elemente Kohlenstoff, Stick-
stoff, Sauerstoff und evtl. Neon liefern soll, gut voran. Ein Anbau
an das Zyklotrongebäude fUr diese Ionenquelle wurde begonnen, und
die Planung des Gebäudes fUr das neue Zyklotron ist im Gange.
Auf den meisten Gebieten folgten die Forschungsarbeiten den Linien,
die durch die Arbeit der vorhergehenden Jahre vorgezeichnet waren.
Die Messungen von Kernradien und -momenten mitHilfe der Laserspek-
troskopie wurden auf neun Kalziumisotopeausgede~nt.Die Analyse
der Streuung von a-Teilchen mit dem Ziel, die Verteilung der Neutro-
nen in Kernen zu bestimmen, wurde weiter verfeinert. Die Messungen
von Neutroneneinfangquerschnitten, die fllr den s-Prozeß der Nukleo-
synthese von Bedeutung sind, wurden ausgedehnt und habe~ verbesser-
te Parameter fllr die Flußverteilung ergeben, die während des s-Pro-
zesses herrschte. Das System zur on-line-Messung der Urananreiche-
rung während der Brennelementproduktion wurde in der Fabrik instal-
liert und hat die ersten sechs Betriebsmonate erfolgreich bestanden.
Im Juni 1980 war das Institut Gastgeber des 17 th European Cyclotron
Progreis Meeting, das von Il5 Teilnehmern aus 15 europäischen Staa-
ten, Canada und den USA besucht wurde. Das Treffen war sehr erfolg-
reich, trotz eines total verregneten Ausflugs in den Schwarzwald.
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NEUTRON PHYSICS
FUNDAMENTAL RESEARCH
The Number of Prompt Fission Neutrons
V(A,) for Fast Neutron Induced Fission
of 235 U and 237 Np
A~A. Naqvi, R. MÜller+, F. Käppeler
for Ek , •1n
which was
First results from the 4-parameter experiment for the determina-
tion of kinetic energies and velocities from correlated fragments were
reported in previous progress reports (1). The measurements were carried
235u 237Nout on at neutron energies of .5 and 5.5 MeV and on p at .8
and 5.5 MeV.
The last and most difficult step in data analysis concerns the
number of prompt fission neutrons as a function of fragment mass. This
quantity is calculated from the fragment mass difference before and
after neutron evaporation. Primary fragment masses are derived from
the fragment velocities and secondary masses result from the observed
kinetic fragment energies. During analysis it turned out that the
common calibration scheme of Schmitt et al. (2) for the conversion of
detector pulse height to fragment kinetic energy yields too large values
Therefore a correction to the respective parameters was applied
determined from comparison of our results with radiochemical
235 237data. Fig. 1 shows the saw-tooth curve for V(A) for U and Np at
the different neutron energies.
The curves in Fig. 1 exhibit two interesting points:
The increase of V with excitation energy is observed for the
heavy fragments only. There is no easy theoretical explanation
for this behaviour (see contrib. 4.4 to this report).
The excitation of ~he near doubly magic fragments around A=132
appears to be so low that they do not evaporate neutrons even
at rather high saddle point excitations. For example, fission of
235U with neutrons of 0.5 MeV energy corresponds to a saddle point
excitation of about 1.5 MeV. This indicates that there is probably
no complete statistical equilibrium between various degrees of
freedom during the deformation from saddle to scission.
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Fig. 1: The number of prompt fission neutrons as a function of frag-
ment mass for fast neutron induced fission of 235U and 237Np
(0 E =.5 MeV, • E =5.5 MeV). Obviously for both isotopes
nn
the increase in Y with excitation energy is restricted to a
corresponding increase in the heavy fragments only.
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1. 1. 2 Improvements in the Systematics of s-Process
Nucleosynthesis
F. Käppeler, H.
++D.D. Clayton ,
. k k . +Beer, K. W1ssha , R.L. Mac l1n ,
+++R. Ward
The description of nucleosynthesis under weak neutron irradiations
(s-process, s ~ slow neutron capture) requires knowledge of the Max-
wellian averaged capture cross sections of the nuclei concerned and
abundance N and the Maxwellian-
s
for thermal energies of kT=30 keV.
the solid lines represent the N6
flux distribution:
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some assumptions about the neutron flux. since the s-process was formu-
lated (1,2) several attempts were made to establish a model for calcu-
lating the isotopic abundances produced in this process. As a result
it was found that probably an exponential distribution of time inte-
grated neutron fluxes reproduces best the abundance pattern of pure s-
process nuclei (3,4). It also turned out that beside the pure s-process
nuclei in particular those nuclei with closed neutron shells (N=50,82,
128) are very important for the model. The existing investigations
suffered from the fact that for these relevant cases experimental cross
sections were either very uncertain or entirely lacking.
This situation was improved considerably during the past three
years (see also contributions 1.1.4, 1.1.5 and 1.1.6 to this report) and
we therefore tried to reanalyse the s-process which is characterized
by the product N6 of the s-process
averaged capture cross section.(6)
The result is shown in Fig. , where
curve calculated with the following
G,
= - exp(-i/1' ,)
'-0' 0
G2
+ - exp(-T/'t 2)T0 2 0
G. is the respective 56Fe seed abundance and ~ . means the respective
1 101
mean neutron fluence. The comparison with empirical values for N6 of
pure s-process nuclei and of those which are produced predominantly in
this way clearly indicates that there is quite good agreement within
an error band of about + 20 %. The error bars on the black squares
correspond to the cross section uncertainties only and do not ac count
for the respective uncertainties of the abundances.
For the stronger flux component our calculations yield parameters
G2 and 1 2 which are similar to the results of Ref. (4). The build-
up of nU~lei with A 90 requires a 56Fe seed which is only 0.1 % of the
56
solar Fe abundance and an average neutron fluence of T
0
2=0.220 neutrons
per mb. The corresponding values of Ref. (4) are 0.34 % and 0.25 neutrons
per mb.
However, for the weak flux component which is responsible for
most of the s-process abundances in the mass region 56 < A < 90
. 1 . . 58F b'come to very dlfferent conc USlons. Interpretlng e as elng pre-
dominantly produced in the s-process we find that 2.5 % of the solar
-4-
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Fig. 1: The calculated No-curve (solid lines) which now represents
a rather accurate basis for s-process systematics. Für com-
parison, empirical values are shown for pure s-process nuclei
and also for those nuclei which are produced predominantly in
this process.
56Fe abundance has to be irradiated with a mean fluence öf 0.059 neutrons
per mb whereas the previous numbers of Ref. (4) were 130 % and 0.05
neutrons per mb, respectively.
As the abundances of isotopes with A?70 are normally composed of
contributions from the s- and the r-process (r = rapid neutron capture)
the No-curve of Fig. 1 allows to determine also the abundance pattern
for the r-process which is known to be a rather smooth function of A.
Fig. 2 shows the abunda~ces of pure r-process nuclei together with the
r-process abundances which were determined from solar abundances by sub-
traction of the s-process component. The two data sets are in good
agreement which is an additional confirmation of the derived s-process
systematics.
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Fig. 2: The abundance pattern synthesized by rapid neutron capture
(r-process). The pure r-process nuclei (black squares) fit
weIl to those values, which were derived from s-process
systematics.
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Total Neutron Cross Sections of the
Neon Isotopes in the Energy Range
from 5 to 900 keV
J. Almeida, F. Käppeler
The neutron cross sections of neon isotopes in the keV region are
of great importance for the nucleosynthesis of heavy elements with
A 60. In the stellar environment where the so called s-process takes
1 h . 22 ( )' b I' d b h 'pace t e react10n Ne ~,n 18 e 1eve to e t e major neutron source.
Simultaneously, neutron capture in the very abundant 22Ne is probably
the most important neutron sink. For a quantitative investigation of
the neutron balance experimental information about the neutron capture
, f 22, 'd A h h bcross sect10n 0 Ne 18 requ1re. s uo aue measurements ave een
performed so far in the energy range of interest, we have initiated a
'systematic study of total and capture cross sections on all neon iso-
topes.
In a first step, transmission measurements were carried out on
natural neon and on isotopically enriched sampies. The energy region
from 5 to 800 keV was covered in several runs. Neutrons were produced
via the 7Li (p,n) reaction using thick metallic lithium targets which
provided a neutron energy spread of 'V 300 keV. Neutron energies were
measured by time-of-flight at a flight path of 3 m and aresolution
of 'V 0.4 ns/m.
The sampies were contained in stainless steel cylinders with 0.5
21
mm thick walls under pressures of up to 150 bar. Except for Ne, where
only 1 1 of gas was available, the sampie thicknesses were approximately
0.03 at/barn corresponding to 6.6 1 of gas at standard conditions. The
20 22 ,21
sampies were natural neon (90.5 % Ne, 9.2 % Ne), and enr1ched Ne
22(95.4 %) and Ne (99.9 %).
For all three isotopes the various experimental runs were analyzed
and the total cross sections calculated. Fig. 1 shows part of the re-
sults for 22Ne in the energy range from 150 to 750 keV. These data will
be further investigated by resonance analysis.
Fig. 1:
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1 • 1 • 4 Neutron Capture Cross
140,142 C 175,176 Le, u,
S . 1 38ect10ns on Ba,
and 181 Ta at 30 keV:
Prerequisite for Investigation of the
176 .Lu Cosm1c Clock*
H. Beer and F. Käppeler
30 keV neutron energy using the activa-
genera ted via the 7Li (p,n) reaction
The capture cross sections of
h . f 175t e capture cross sect10n 0 Lu
176Lu have been determined at
tion technique. Neutrons were
138Ba,
to the
140,142C 176 181e, Lu, Ta and
3.68 h isomeric state in
just above the reaction threshold at a 3 MV pulsed Van de Graaff ac-
celerator. The capture cross sections are of importance to ·stellar
nucleosynthesis. With the 138Ba and 140Ce cross sections· the time
integrated average neutron flux for the s-process was determined to
2 b-l h' . 176 d hO. 2 m . T 1S result, the capture cross sect10n of Lu an t e
17 5 . h 3 68 h .. . 176 dLu cross sect10n to t e. ISOmerle state 1n Lu were use
to analyze the 176Lu cosmic clock. The mean s-process age of solar
matter before the solidification of the solar system was estimated to
6 x 109 a. In addition the Hf/Lu abundance ratio was determined.
*Phys. Rev. C21 (1980) 534
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176Lu : A Cosmic Clock or a Stellar
Thermometer?
+R.A. Ward, H. Beer, F. Käppeler, K. Wisshak
since the ~ - -decay of the long-lived ground state of 176Lu
(t 1/ 2 = (3.6 ~ 0.16) x 10 10 a) to 176Hf can potentionally be used
as a chronometer of galactic s-process nucleosynthesis (1) it is
important to calculate the rate at which stellar photons can induce
"b h d f 176 d h h htrans1t10ns etween t e groun state 0 Lu an t e muc s orter-
livedp--decaying isomerie state (T 1/ 2 = 3.68 h) at 126.5 keV. The
problem is of astrophysical interest beeause if internal thermal
equilibrium is attained at the s-process temperature, then the effective
h lf 1 , f f h ' 176 1 . a - b h da - 1 e 0 t e ent1re Lu nuc eus aga1nst r -decay can e s ortene
considerably.
Figure 1 shows the properties of the first 20 excited states of
176 h b f' f 'd" d' I'Lu t at ean e 0 1mportance or prov1 1ng 1nterme 1ate coup 1ng
between the ground and isomeric states of 176Lu • The fraction of the
+ 175
stellar ('" 30 keV) neutron captures on the 7/2 ground state of Lu
that initially populate the long-lived ground state is denoted as B,
with the remaining fraction 1-B following gamma cascades that ultimately
176 m ,lead to Lu (3.68 h). These 10west-ly1ng states have also been
separated aecording to their rotational band strueture in order to
emphasize the possible importanee of K-seleetion rules in determining
interband electromagnetie transition rates. The inhibition factor
J 0-2I1ßK/-ll, .. h f' , 1= 1 g1ven 1n F1gure 1 was c osen because 0 the emp1r1ca
observation (2) that for IA KbA every degree of K-forbiddenness
eorresponds to a retardation by a factor of ~ 100 relative to that pre-
dicted by using theoretieal Weisskopf single-partiele transition rates.
To aseertain whether or not the ground state and the isomer are in
fact able to maintain their separate identities under stellar conditions,
we have used the formalism of Ward and Fowler (3) to integrate numerieally
the coupled set (in this ease 20) of first order differential equations
describing the complete time evolution at eonstant stellar temperature
and free-neutron density of the population of each state of 176Lu shown
in Fig. 1.
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Fig. 1: 176Level scheme of the first 20 states of Lu. For both, the
ground and the isomerie state at 127 keV the possible branch-
ings due to neutron capture and beta decay are indicated.
With this procedure we can calculate the resulting neutron capture
branching ratio {f6 as a function of temperature and neutron density.
Fig. 2 shows the variation of <f;(' for different input values B=O.Ol, 0.36
and 0.99 and a neutron density of 107 neutrons per cm3 where B=0.36
corresponds to the experimental value (4) and the neutron density of
107 cm-3 is the typical mean neutron density estimated from various
s-process branches (5). The families of solid curves show how ~f >
n
evolves from the low-temperature limit into thermal equilibrium. Each
curve is labeled with the appropriate value of J. For temperatures
TB ~ 1.7 (kT = 15 keV) B is not disturbed by thermal effects «f'> '", B)
176 n
and therefore Lu can be regarded as a cosmic clock, whereas for
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{al
N° (T76Lu I~~B:....=,;:;0.3:::::6~=,.....,..:;~~~ N.DZ!?L .
B=0.99
0.1
B =0.010.01~-=-~"-'---~'--,/
0.5 1 5 Ta
Fig. 2: The neutron eapture
stellar temperature
7 -3density n=10 em
branehing ratio<: f .,
8 n
Ta =T/l0 K for the
Eaeh family of three
as a funetion of the
constant free neutron
curves emerges fram a
eommon value B as indieated, and they separate aeeording to the
value of cf (the internal eleetromagnetie rate sealing
faetor) with whieh, they are labeled. The dashed eurve
gives the value of <: f ., appropriate to thermal equili-
n
brium, and the additional horizontal dotted line gives
the observed present-day value of N (176Lu)/N(176) = 0.33.
o
(kT = 26 keV)
so that 176Lu
Ta > 3
brated
176the Lu ground and isomerie levels are equili-
is an s-proeess thermometer. The intermediate
176
region is determined by the detailed properties of the Lu deeay scherne.
In the present diseussion 176Lu was studied under the simplifying
assumptions of both a eonstant stellar temperature and neutron density.
However, in a realistie model for the site of the s-proeess one must
aetually follow the detailed time dependenee of the neutron density and
-11-
temperature during and after the neutron irradiation in order to
aeeount for the important "freeze 'out" of the neutron eapture and p--
deeay rates.
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Measurement
152 Gd (n,y),
1. 1. 6
to
of the Neutron Capture Reaetions
151 E ( )152 E m d 152 s ( v)u n,~ u an m n'I
lnvestigate the 1 l Sm s-Proeess Branehing
H. Beer and F. Käppeler
An important parameter in s-proeess nueleosynthesis whieh until
now is only vaguely known is the mean neutron flux. lts determina-
tion provides major insight in the site and neutron eapture time seale
of the s-proeess. Several s-proeess branehing points have been proposed
to determine the neutron flux (1,2,3); however, for an accurate analysis
experimental capture cross sections are often to~ uncertain or even
eompletely laeking. This is also true for the branehing of 151 Sm whieh
is shown in Fig. 1.
'd 151 b h' , , b h f h h 152 dEV1 enee for the Sm rane 1ng 1S g1ven y t e aet t at t e G
abundanee eannot be reprodueed in p-proeess ealeulations (4). The s-
150 151 ,proeess eapture path leads from Sm to Sm w1th a 93 a half life.
f I , d· 151 1 ' d d 151 ESome 0 the syntleS1ze Sm nue e1 are expeete to eeay to u.
For this braneh a eomplieated deeay in 152Eu oeeurs both from a 9.3 h
isomerie state (lp-: 77 % J IEC: 23 %) and from the 12.4 a ground state
(IP-: 24% JIEC: 76 %) feeding partly 152Gd and 152Sm . In prineiple there
are two possibilities to determine the mean average neutron flux ~ from
this branehing, either by eomparing the t""'N-value for A=152 with that of
152Gd (which is shielded against the r-proeess) or with that of 152Sm .
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Fig. 1: The s-proeess path in the Sm-Eu-Gd region.
In the latter ease a eorreetion for the r-proeess eontribution to the
152Sm abundanee has to be made by interpolation. This should be
possible in this mass region as the solar Nd/Sm ratio is known to
1 % (12).
R 1 ' f h l' f h b h' 151e evant cross seet10ns or t e ana YS1S 0 t e rane 1ng at Sm
taken from literature are summarized in Table 1. The cross seetion and
abundanee of 148Sm are relatively well-known and serve to determine
~N(152), The important 151 Srn cross seetion appears to be weIl established
due to two eonsistent theoretieal ealeulations. However, there exists no
experimental information of the highly important 152Gd cross seetion and
for 152Sm two experimental values disagree (Table 1).
A detailed study of the 151 Sm branehing must also eonsider the problem
. d 152 . h 1 '1' b 'whether or not the two deeay mo es of Eu are 1n t erma equ1 1 r1um
under s-proeess eonditions, For that purpose the initial population of
ground and isomerie state have to be determined beeause they are important
, , 151 h' '9 3 h1nput parameters. The eapture cross seet10n of Eu to t e 1somer1e .
state and the total eapture cross seetion ean yield these relative popula-
tions.
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Table 1: Capture cross sections and abundances for the s-process
branching at 151 Sm from literature. Values without errors
are calculated theoretically.
.
Az
G (AZ) AZ G (AZ)(mb) (mb)
148Sm 258 + 48
a) 150Nd 147c )
281 ~ 23b )
151 Sm 1990
c ) 154Sm 219c)
2130d)
151 Eu. 4822 + 740e ) 152Gd 983c)
-
152Sm 682 + 54
b) 152Eu 5180
c )
-
411 + 71 a) 5235f)
-
a) Ref. (5), b) Ref. (6), c) Ref. (7), d) Ref. (8), e) Ref. (9),
f) Ref. (10)
In view of the above situation we have measured Maxwellian
. 152 J 152 .J
average capture cross sect10ns for Gd(n,.), Sm(n,o) and
151 E ( 01)152 m . h .. h' (1) h 152 du n,Q Eu uS1ng t e act1vat10n tec n1que 1. T e G
and 152Sm cross sections can also be determined via detection of
the prompt capture l-rays. This technique was applied to 152Sm
(Table 1) so that the activation measurement provides an indepen-
dent check with a different method. In the case of 152Gd the activa-
tion technique was suitable as only a small sampIe amount with
moderate enrichment of this highly expensive rare nucleus was available
(34 mg enriched in 152Gd to 50 %). The experimental data are now under
analysis.
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1. 1. 7 Optimized Set~up for the Measurement cf
Capture Cross Sections of Noble Gas
Isotopes
J. A1meida, D. Erbe, G. Rupp, F. Käppe1er
The set-up for capture cross section measurements on gaseous samp1es
was described in previous progress reports (1). For the neon isotopes,
which are important with respect to the neutron balance in s-process
environments (see also contribution 1.1.3), very sma11 capture cross
sections are expected. Therefore the properties of the set-up and pos-
sib1e further improvements were investigated in detail in order to re-
duce the experimental background. The resu1ting changes are:
High pressure gas samp1es: The re1ative1y heavy va1ves were re-
p1aced by a comp1ete1y new and surprising1y simple design
which is integrated in the in1et tube of the spherica1 samp1es.
That means, the mass and the dimensions of the samp1es, as they
are mounted on the samp1e changer are reduced to 6 % and 44 %,
respective1y. In addition, the samp1es are now mounted on1y on
two 0.1 mm thick stain1ess stee1 wires which rep1ace the former1y
used more massive aluminium tubes. In this way, background from
scattered neutrons is considerab1y reduced.
Shie1ding of the detectors: The sma11er dimensions of the samp1es
and their mounting a110w to use a narrower through-ho1e in the
lead shie1d, resu1ting in a sma11er contribution from room-back-
ground. The background due to capture of scattered neutrons was
-15-
further reduced by surrounding the detector volume with a 5 mm
thick layer of 6Lie03.
Neutron collimation: Beside some technical changes in the fabri-
cation of the collimator with respect to density and homogeneity
the solid angle of the collimator was reduced by a factor 2. This
should improve the background situation in general. It also
allows for a smaller distance between samples and detectors,
resulting in a better signal to background ratio.
Overall, we hope that these amendments increase the experimen-
tal sensitivity by about 50 %.
1 • 2
1. 2. 1
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NUCLEAR DATA
The Neutron Capture Cross Section of 184 W
H. Beer, F. Käppeler, K. Wisshak
The neutron capture cross section of 184w has been measured at
the 3 MV pulsed Van d7 Graaff accelerator between 5 and 200 keV. The
experimental arrangement which is characterized by very short flight
paths for the neutron time-of-flight determination and by the use of
a Moxon-Rae detector for recording the capture events is described
elsewhere (1,2). In this experiment an enriched sample of W03 was meas-
ured relative to a gold reference sample (for details see Table 1).
T bl 1 1 h ., f 184W d Aa e : Samp e c aracterlstlcs 0 an u.
Chemical Isotopic Weight Thickness (MS- SS)
composition composition (g) (at/b4(%) x 10
w03 ( 180) 0.05, ( 182) 1.91 , 3.245 11 .235 1.02
( 183) 1.87, (184) 94.3,
( 186) 1. 91
Au (metallic) 6.666 28.833 1.04
The capture cross section was calculated from
C
w
NW (MS.SS)W
~E5.H.EB .i 1. 1. ,l.
W= (MS'SS)AuCAu NAu GAuEB,Au
where C. denotes the background subtracted count rate, (MS'SS) the cor-
1
rection for multiple scattering and self-shielding and N the sample
thickness in atoms per barn. The subscripts Wand Au refer to the
tungsten and gold reference sample, respectively. The index i stands
for the various tungsten isotopes with cross section~, abundance H
and neutron binding energy EB, The binding energy EB accounts for a
specific property of the Moxon Rae detector: the linear dependence
of the efficiency on the r -ray energy,
-17-
In Fig. 1 the present capture cross section is shown in comparison
with various results from previous work. The solid line represents a
least squares fit of the present data with the statistical model. The
parameters deduced are given in' Table 2.
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Fig. 1: Experimental results for the neutron capture cross section of
184w (full black symbols: RUN I with the 7Li (p,n), Run 11 with
the T(p,n) reaction) compared to previous work (Ref. 3-5).
Table 2: Average resonance parameters for the statistical model fit
of 184W•
Strength function SlX104
Radiation width rl (meV)
Average level spacing DI (eV)
Effective nuclear radius R (fm)
S =2.37
o
r =36.96
o
D =126.3
o
S1=1. 72
r1=78.16
D1=44.76
R=7.3
S2=0.5
r2=23.79
D2=30.35
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1. 2.2 Determination of the Capture Width of the
27.7 keV s-Wave Resonanee in 56 Fe *
K. Wisshak and F. Käppeler
The eapture width of the 27.7 keV s-wave resonanee in 56Fe has
been determined using a setup eompletely different from most of the
previous experiments. A pulsed 3 MV Van de Graaff aeeelerator and the
7Li (p,n) reaetion served as a neutron source. Capture gamma-rays were
observed by a Moxon-Rae deteetor and gold was used as a standard. The
sampIes were positioned at a flight path of only 7.6 - 8.0 em. This
allowed the use of very thin sampIes avoiding large multiple seattering
eorreetions. Three metallic dises enriehed in 56Fe were used with a
thiekness between 0.6 and 0.15 mm. Events due to eapture of resonanee
neutrons seattered into the deteetor or by surrounding material were
eompletely eliminated by time-of-flight. The result for the eapture width
is ~ = 1.01 eV with a statistieal uneertainty of 1.3 % and a systematie
uneertain ty of '" 5 %.
*Aeeepted for publ. in Nuel. Sei. Eng.
1. 2.3
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The Neutron Capture Cross Section of Nb,
Ta and Rh in the Energy Range from 10 to
70 keV
K. Wisshak, F. Käppeler, and G. Reffo+
The neutron capture cross sections of Nb, Ta and Rh have been
measured in the energy range from 10 to 70 keV using the same experi-
mental setup as in contribution 1.2.2. A pulsed 3 MV Van de Graaff
accelerator and the 7Li (p,n) reaction served as a neutron source. The
proton energy was adjusted slightly above the reaction threshold in
order to produce kinematically collimated neutrons. The sampies were
positioned at a flight path of only 77-80 mm. Capture gamma-rays
were observed by a Moxon-Rae detector and gold was used as a standard.
Preliminary data for the capture cross section of Ta are given
in Fig. 1. The statistical accuracy of the data points is 3-5 % in
the energy range from 20 to 50 keV and increases up to ~20 % at
higher and lower energies. The systematic uncertainty is 3-4 % in the
respective energy range and increases up to 15 % at higher and
lower energies. In the present evaluation a systematic uncertainty
due to a possible deviation of the detector efficiency from the
assumed linear increase with gamma energy is not yet included. To
evaluate this uncertainty detailed calculations of the gamma-ray
spectra will be performed for the respective isotopes. However, it
was pointed out in contribution 1.2.2 at the example of a relative
measurement of 56Fe and gold that this correction is only of the
order of 2-3 %. Similar or even smaller corrections are expected
in the present case. In Fig. 1 comparison is made to recent results
of Le Rigoleur et al. (1) and Yamamuro et al. (2). The overall
agreement is quite sufficient but final conclusions cannot be
drawn until the data evaluation is finished completely.
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Fig. 1: Preliminary data for the neutron capture cross section of
tantalum. The experimental ratios have been converted to
absolute values using the ENDF/B-IV evaluation for the cross
section of gold.
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1. 2.4 TheIsomerie Ratio
Neutron Capture in
and 30 keV
, 242 A1n m
241 Am at
Following
14.75 meV
K. Wisshak, J. Wickenhauser, and F. Käppeler
N ,241 Am 1eutron eapture 1n popu ates
1 .. f 242 'Ia so an 1somer1e state 0 Am. Wh1 e
not only the ground state, but
the ground state has a half
life of only 16 h the life time of the isomerie state is 152 years.
In the neutron flux of a reaetor 242gAm will deeay predominantly to
242C 'D d h 242mAm b f d 243Am •m V1a I' - eeay, w ereas may e trans orme to 1n a
seeond eapture event. The partial eapture cross seetion to the ground
d · '11 h 242 ,state eterm1nes essent1a y t e amount of Cm produeed 1n a reaetor
during burn up. This nueleus, however, is of interest beeause of its
high speeifie neutron aetivity due to spontaneous fission.
The present experiment is the first attempt to determine the
, 1 'h d ,242, 'fpart1a eapture cross seet10n to t e groun state 1n Am 1n a d1 -
ferential measurement (1,2). A thin 241 Am sampie (~200 ~g weight,
7 mm diameter) is aetivated with monoenergetie neutrons for aperiod
of ~ 20 h. The number of 242gAm nuelei produeed is determined direetly
via the eleetrons emitted in beta deeay. The beta speetrum was observed
with a mini orange speetrometer (3,4) whieh offers the possibility of a
seleetive deteetion of eleetrons in a high background of alpha-, gamma-
and X-ray radiation. The measurements were performed relative to gold.
At thermal energies monoenergetie neutrons of 14.75 meV were
provided from a tripie axis ·speetrometer at the Karlsruhe FR2 reae-
tor. The fast flux was obtained from our 3 MV Van de Graaff aeeeiera-
tor using the 7Li (p,n) reaetion. The proton energy was adjusted 25 keV
and in a seeond experiment 10 keV above the reaetion threshold. The
neutron speetrum produeed is slightly asymmetrie and has an energy
f 30 +35 25 +25 . 1 h d' 'bo -20 keV and -15 keV, respeet1ve y. For t e narrower 1str1 u-
tion the neutron flux is a faetor of three lower.
The preliminary results obtained until now are eompiled in
Table 1- The eapture section to the ground state ' 242Amcross 1n
eould be determined relative to gold with a total aeeuraey of ,., 5 %
at all energy points. The statistieal aeeuraey of the measurement is
~1 %. For the determination of the isomerie ratio IR from the experi-
-22-
t 1 cl h 1 . f 241 Am d ldmen a ata t e tota capture cross sectlons 0 an go are re-
quired. The respective values are given in the second part of Table 1.
The data at 14.75 meV were calculated from the 2200 rn/sec values
(625 b for 241 Am (5) and 98.8 b for gold (6» assuming a l/v-dependence
of the cross sections. For the keV energy runs weighted cross sections
for the experimentally determined energy distribution were calculated
from the data given in Ref. 7 and from the ENDF/B-IV gold cross section.
Preliminary results for the capture cross section
. 241 Am d f h' . . .,state in an or t e isomerie ratio are glven in
of Table 1.
to the ground
the third part
Table 1: Preliminary results for the capture cross section
241 242gAm(n,y) Am and for the isomerie ratio IR.
G: 242gAm Adopted cross sectionsNeutron y'
Energy G"y ,Au
for the determination
of IR
30 +35 keV 2.86+0.14 "y,Am=2.46 ~ 0.12 b
-20 "' ,Au=0.580 + 0.015 b
r
25 +25 keV 3.06+0.17 b. ,Am=2.67 + 0.13 br -
-15 uT,Au=0.624 + 0.015 b
14.75 meV 5.87+0.3 "r,Am=818 + 26 b
"y,Au=129 :;:- 0.4 b
~ 242gAm IRy,
1.66 + 0.09 b 0.67 + 0.05
1.91 + 0.12 b 0.72 + 0.06
756 + 39 b 0.92 + 0.06
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1 . 2. 5 241Fission Cross Seetion Measurement o~ Am in
the Energy Range from 10 to 1030 keV*
+W. Hage, K. Wisshak, and F. Käppeler
The neutron fission cross section
energy range from 10 to 1030 keV using
of 241 Am was measured in the
235U as a standard. The meas-
urements were earried out at the Karlsruhe 3 MV pulsed Van de Graaff
1 'h7. f h 'f 'acce erator W1t L1 targets or t e generat10n 0 a cont1nuous neutron
speetrum below 140 keV and monoenergetie neutron speetra between 120
and 1030 keV. Fission events were deteeted by measuring the prompt
fission neutrons with a NE 213 liquid seintillator with pulse shape
diserimination. The flight path was as short as 60 mm in measurements
with eontinuous neutron speetra leading to a moderate energy resolution
of 23 ns/m. The statistieal uneertainty was between 0.8 % and 10 %
and the systematie uneertainty between 3 % and 7.5 %. Diserepaneies
were found eomparing our results with those of other experiments.
*Submitted for publ. in Nuel. Sei. Eng.
+Commission of the European Communities, Joint Research Centre,
lspra, Varese, ltaly
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CHARGED PARTICLE REACTIONS AND
NUCLEAR SPECTROSCOPY
POLARIZED DEUTERONS
Nuclear Shape Effects in the Scattering
of Tensor-Polarized Deuterons
+ + .. + +W. Stach , W. Kretschmer , H. Loh , W. Schuster ,
b " k + . +P. Ur a1ns y , M.B. Wango , and H.G. Rebel
The influence of the nuclear shape on the vector analyzing power
of deuteron elastic and inelastic scattering have been demonstrated
by Clement et al. (1). It is the purpose of the present investigation
to show whether there are similar effects in the tensor analyzing
powers (TAP).
We have measured T20 , T21 and T22 for the elastic and inelastic
scattering of tensorpolarized deuterons on 46Ti (prolate) and 50Ti
(spherical) at an incident energy of 10 MeV (2,3). The tensor observ-
ables were determined simultaneously in 4~ geometry with the polarized
beam of the Erlangen Lamb-shift source (for details see ref. 3). The
elastic scattering TAP, shown in the upper part of fig. 1, are
grossly reproduced by optical model calculations including tensor
potentials. The calculations have been performed with the code DDB
written by Ramirez and Thompson, which was modified with the fitting
routine MINUIT. The best fit optical potentials are very similar to
the results of Goddard and Haeberli (4) for 46Ti (d,d ) and of Bürgi
50' 0
et al. (5) for Ti(d,d), where compared to refs. 4 and 5 only the
o
imaginary spin orbit potential and the complex tensor (TR) potential
have been changed slightly. The TAP for the inelastic scattering to
+the first 2 state are shown in the lower part of fig. 1 with some
lines to guide the eye. Both T20 and T21 show some sign effect, whereas
T22 is shifted by about" 10°. An extended analysis of elastic and in-
elastic scattering with the code CHUCK, modified by H. Clement (6)
for the inclusion of tensor potentials, is in progress.
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2.1.2 The Optical Potential for Vector-
Polarized Deuterons of 52 MeV*
. 1 +G. Marr e , K.T.
+G.J. Wagner, V.
.. fl ++ . d 1+Knop e ,H. Rre ese ,
Bechtold, and L. Friedrich
40Ar,
The vector analysing power for elastic scattering of 52 MeV
. 12 16 20 28. 32polar1zed deuterons was measured for C, 0, Ne, S1, S,
58 90 197 .Ni, Zr and Au. The data were analysed together wrth
previously measured differential cross sections in the framework
of the optical model. Best-fit and average optical-model parameters
were obtained both for surface and volume absorption. Fits with
surface absorption are superior to those with volume absorption,
especially for heavier nuclei. Typical parameters of the spin-orbit
are found to be V rv 5.5 MeV,
s.o. -
fm, and there is no evidence for an
integrals and rms radii of real,
1. 15 fm and a NO. 4
s.o. -
component. The volume
part of the best-fit potentials
r rv
s.o. -
imaginary
imaginary and los potentials show a smooth mass dependence and differ
insignificantly for different sets of potentials.
* Nuclear Physics A339 (1980) 61
+ Max-Planck-Institut für Kernphysik, Heidelberg, Germany
++Supported by Deutsche Forschungsgemeinschaft
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2.1.3 Spin~ of Deeply-Bound Hole States
in 89 y and 143 pm from (d.~)
Reactions and the Spin-Orbit
Splitting in the 1f and 19 Shells
A. Stuirbrink+, K.T. Knöpfle+, G.
H. Riedesel+, K. Schindler+, G.J.
V. Bechtold, and L. Friedrich
Mairle+,
+Wagner ,
Using vector-polarized deuterons of 52 MeV from the Karlsruhe cyclo-
tron and using techniques described previously (1) we have measured
differential cross sections and vector-analyzing powers of the (d,3He)
. 90 144
react10ns on Zr and Sm. The spectra measured with an overall resolu~
tion of about 200 keV determined mainly by the beam energy spread show
d 1 b d h 1 . 89 d 143 k' 6 8eep y- oun proton 0 e states 1n Y an Pm pea 1ng near . MeV
(see Fig. 1) and 5.0 MeV, respectively. The latter has been identified
as a 19 hole state previously (2) from the differential cross sections.
The vector-analyzing powers now allow us to determine for the first time
the total spins of deeply-bound hole states. They are identified as a
dominant 1f
7
/ 2 hole state in 89
y and a 199 / 2 hole state in 143pm . Zero-
range DWBA calculations yield satisfactory fits to the data (see fig. 2)
and spectroscopic factors which other than in neutron pick-up reactions
(3) exhaust the shell model strengths. This allows us to determine the
1f d . b' 1" . 89 bd 143p . 1 Ian 19 sp1n-or 1t sp 1tt1ng E 1n Y a m, respect1ve y. n
so
table 1 the experimental values are compared to various calculations.
While the Woods-Saxon (A = 25) and semi empirical predictions (4) yield
so
reasonable results, the Brueckner-Hartree-Fock theory (5) yields nearly
a vanishing e if contributions from spin-saturated and non-spin-
so
saturated shells are added.
1500
reaction.
Spectrum of the
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9OZr(a.3He)69y ~ ~
Ed=52MeV o.
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Tab. 1: Spin-orbit Splitting E (MeV).
so
AZ nX exp W.-S. semi- (3,4) BHF (4,5)
ernp. S8. + nss
90Zr 1f 5.1 4.0 6. 1 3.9 - 2.5
144Srn 19 4.7 4.1 5.7 3.9 - 3.9
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2. 1 .4 Search for States with Stretched
Configurations by Means of the
-(d,~) Reaction at 52 MeV
G M · 1 +. + .. fl +• a1r e , L1U Ken Pao , K.T. Knop e,
H. Riedesel+, K. Schindler+, G.J. Wagner+,
V. Bechtold, J. Bialy, and L. Friedrich
Spectroscopic investigations by means of the (d,~) reaction are
usually limited, because the observed angular distributions are un-
structured and the apriori knowledge of suitable two-particle form-
factors is required to describe them in the framework of the DWBA.
It has been shown (1,2), however, that analyzing powers of (d,~) re-
actions are sensitive as to the coupling of the deuteron spin to the
transferred angular momentum L. This allows spin determinations at
least for states excited with an unique L-value. The method, there-
fore, is excellently suited 'to study stretched two particle confi-
gurations.
In fig. 1 the analyzing powers of some states observed in the
18" 16 . .O(d,~) N react10n are shown. For states of known sp1n J and
unique L they show consistently large negative values at forward
angles for J = L+1, large positive values for J = L-1 and small
positive values for J = L. The measured analyzing powers for negative
parity states at 0.0, 0.297 and 6.17 MeV are consistent with the spins
2 ,3 and 4-, respectively, if L = 3 transfer is assumed in the DWBA
calculations. For the g.s. transition L = 1 is also allowed; L = 3 is
unique for 3 and 4 states in the frame of the simple shell model. A
spin 4 for the 6.17 MeV state is in agreement with results of
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Fig. 1: . 18 - 16Vector analyzing powers measured 1n the O(d,a) N reaction
compared to DWBA calculations assuming pick-up of a deuteron
cluster cf given L.
with a DWBA calculation assuming L
17O(d,T),
power for
17 -O(d,<) and
+the 3 state
160 (p,p') experiments (3,4,5). The analyzing
at 3.96 MeV (unique L) is in perfect agreement
+2. For the 1 states at 3.355 MeV
and 4.319 MeV a mixture of L = 0 and L = 2 would be consistent with the
data.
. . 12.... 10 34'" 32The analyz1ng powers observed 1n the C(d,ex) Band S(d;t") P
are not shown for brevity. At least for states of maximum spin there
is a clear-cut situation with negative values of the analyzing power at
forward angles. This is e.g. the case for the 3+ states at 0.0 and
4.77 MeV in lOB (L = 2) and for strongly excited states at 7.76 and
8.09 MeV in 32p which are described by DWBA calculations assuming L 4
pick-up, with the consequence of a spin 5+ for these to-date unknown
states.
From a shell model point of view, the considered states are
characterized by their stretched configurations:
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The energies of these states represent a valuable information on
effective interactions and hence for shell model calculations.
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2.1.5 Purity of Particle-Hole States in
16 16, -t-o and N Stud1ed by the (a,t) and
( -+-) , 1 7d,T React10n on 0
G '1 + T .. fl + 'd 1+. MaH e , K..' Knop e, H. R1e ese ,
+Wagner, V. Bechtold,
The simultaneous measurement (1) of the 170 (d,t) 160 and 170 (d,T)16N
reactions at 52 MeV has.yielded a wealth of spectroscopic information
-1
on states which have a large overlap with (ld5/ 2 lP 1/2 )2-,3- and
-1(ld5/ 2 1P3/2 )1-,2-,3-,4- multiplets both for T = 0 and T = 1. A
remaining problem were the relative 1Pl/2 and 1P3/2 contributions in
transitions to 2 and 3 states. We report on an attempt to disentangle
these contributions using the vector analyzing powers (VAPs) of the
(<l,t) and (<l,T) reactions on 170 • We utilize the slow Q- and A-depen-
-+-dence of the VAPs found (2) for t = 1 pick-up in (d,T) reactions on
, 12 28 ,
nucle1 between C and S1.
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In fig. 1 measured VAPs for 1P1/2 and 1P3/2 pick-up observed in the
16 (... ) 15 , 'I d h' I I' , ho d,~ N react10n are d1SP aye toget er w1th DWBA ca cu at1ons, Wh1C
show satisfactory agreement. Since the DWBA description, however, is not
perfect, we use experimentaIIy determined VAPs (smooth curves drawn through
the data points of fig. 1) to deduce the degree of j-mixing in the 2 and
3- f 160 d 16N Th' , , 'f' d b f h l' 'bIstates 0 an . 18 18 Justl. le ecause 0 t e neg l.g1 e mass
difference and the moderate Q-value differences. In fig. 2 we present the
17VAPs of some states strongly excited in pick-up reactions from 0 compared
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to VAPs of pure 1P1/2 and 1P3/2 pick-up from 160 . T=l states: Generally
the data obtained for 16N states agree with those of their analog (T=l)
. 16 16
states 1n 0; we, therefore, discuss only results for N states. In
detail, we observe VAPs typical for lP1/2 pick-up in the case of the 2
g.s. and the 3 state at 0.297 MeV. For the 2- state the forward angle
behaviour is indicative for some small 1P3/2 admixture (R=S(P3/2)/S(P1/2)<
0.1). The agreement for the 3- state, however, cannot be improved by
lP3/2 contributions (R<O.OS). The VAP of the highly excited group com-
prising the 4- and 3 states at 6.17 and 6.36 MeV, respectively, shows
no significant deviation from a pure lP3/2 VAP. This is consistent with
-1
the ldS/ 2 1P3/2 nature of these states (1). T=O states: The VAP of the
3- state at 6.13 MeV of 160 shows the typical features of 1Pl/2 pick-up.
Due to the very pronounced structure, the agreement with the VAP of the
pure lPl/2 pick-up cannot be improved by lP3/2 contributions (R<O.lS). In
contrast, the structure of the VAP of the 2- state at 8.87 MeV in 160
is obviously damped (0.1<R<0.2). The evaluation of the highly-Iying state
at 19.79 MeV is more difficult due to the increased background. Neverthe-
less, the observed VAP is compatible with pure 1P3/2 pick-up as required
for a 4 state.
DISCUSSION
h I . d . I h I . 16 d 16 hT e strong y exc1te part1c e- 0 e states 1n 0 an N s ow
rather pure configurations in qualitative agreement with results of
the shell model calculations of Gillet and Vinh Mau (4) and Hsieh (5).
-1 -1
If the spectra are interpreted as ldS/ 2 lP1/2 and ldS/ 2 lP3/2 multi-
plets, they can be used to extract matrix elements of the related
effective interactions as has been done in ref. 1. Since j-mixing in
.the 2- and 3 states has proved to be small, the conclusion (1) of
-1 -1different ldS/ 2 lP1/2 and ldS/ 2 lP3/2 interactions remains unchanged.
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4HE _ AND 3HE-PARTICLES
2.2. 1 Elastic Scattering
f 40,42,44,48Crom a
of 104 MeV Alpha Particles
and Determination of the
Optical Potentials*
H.J. Gils, E. Friedman+, H. Rebel, J. Buschmann, S. Za-
k ' 1 b' ++groms 1, H. K ewe-Ne en1US , B. Neumann, R. Pesl, and
G. Bechtold
. Differential cross sections for elastic scattering of 104 MeV a
. 40 4244 48part1cles from ' , , Ca have been measured with high angular ac-
curacy over a wide angular range. Optical model analyses using dif-
ferent approaches for the potential form including a Fourier-Bessel
description of the real potential reveal isotopic differences which,
, . 1 f 48 .' 11 . .1n part1cu ar or Ca, 1nd1cate a sma neutron sk1n. The model
dependence of the extracted quantities is discussed in detail.
* KfK-Report 2838; Phys. Rev. C21 (1980) 1239
+ The Racah Institute of Physics, The Hebrew University, Jerusalem,
Israel
++Kernforschungszentrum Karlsruhe GmbH, Institut für Radiochemie
2.2.2 N 1 . D' 'b' f 40,42,44,48uc ear Dens1ty 1str1 ut10ns 0 Ca
from Elastic Scattering of 104 MeV Alpha Particles*
H J G'I . d + . ++.. 1 S, E. Fr1e man, Z. MaJka ,and H. Rebel
The elastic scattering of 104 MeV a particles from 40,42,44,48Ca
has been analyzed by a single folding model with a density dependent
effective interaction. Nuclear density distributions have been extracted
using various descriptions including Fourier-Bessel series which distinctly
reduces the model dependence of the results and enables realistic estimates
of errors. Differences of the density shapes of the Ca-isotopes are weIl
, .. k' . 48 h 1 . tdeterm1ned show1ng eV1dence for a neutron s 1n 1n Ca. T e resu t1ng roo
mean square radii are compared to the results obtained from other methods.
The sensitivity and limitations of various methods are discussed.
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* KfK-Report 2839; Phys. Rev. C21 (1980) 1245
+ The Racah Institute of Physics, The Hebrew University of Jerusalem,
Jerusalem, Israel
++ , f h' . l' , ,Inst1tute 0 P yS1cs, Jagel on1an Un1vers1ty, Cracow, Poland
2,2.3 Saturation Effect and Determination of Nuclear
Matter Density Distribution from Optical
Potential*
Z. Majka+, H.J. Gils, and H. Rebel
A refined double folding procedure with density dependence of the
effective nucleon-nucleon interaction included is used
1 f h 1 h ' 1 48,40 . 1rea part 0 t e a p a part1c e- Ca potent1a s. We
experimentally determined difference between rms radii
potentials implies a larger size of the nuclear matter
48 40the Ca nucleus as compared to the Ca nucleus.
to calculate the
show that the
of the (real)
distribution of
*Acta Physica Pol. Bll (1980) 227
+Institute of Physics, Jagellonian University, Cracow, Poland
2.2.4 Elastic and Inelastic
Scattering from 48 ca ,
Alpha
50 T ,1 ,
Particle
52 Cr and the
Response of the Excess Protons to the
Total Matter Distributions
R. Pesl, H.J. Gils, H.
, +H. Klewe-Neben1us , B.
Rebel, J. Buschmann,
+Neumann , and S. Zagromski
The alpha-particle·scattering studies in the Ca region (1) have
been continued by measuring the differential cross sections of
elastic and inelastic scattering of 104 MeV alpha particles for the
, ,48 50, 52 d d 'h h' h1sotone ser1es Ca- T1- Cr. The ata were measure W1t 19
angular accuracy, and their angular range exceeds the nuclear rain-
bow region thus enabling a refined optical model analysis and a
-36-
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Fig. 1: Differential cross sections of elastic and
scattering of 104 MeV alpha particles from
52Cr .
inelastic
50T , d1 an
unique determination of the real part of the optical potential. For
the analysis the radial shape of the real part has been represented
by a Fourier Bessel (FB) series added to a Saxon-Woods squared form
(2). In addition to the flexibility of the FB-method realistic estimates
of the uncertainties could be provided. Tab. 1 presents some results
of integral quantities of the potential and Fig. 2 displays differences
of the real part of the considered isotone series. The results lead to
the following conclusions:
a) While in 48Ca the neutron excess strongly polarises the 40Ca
proton core, the additional protons in 50Ti and 52Cr seem to
reduce this effect.
b) The excess protons in 50Ti and 52cr , however, affect the 48Ca
neutron core and "pull" neutrons to smaller radial distances.
'. d' 'b' • 50T ,As a consequence the rad11 of the neutron 1str1 ut10ns 1n 1
and 52Cr prove to be slightly smaller than in 48Ca .
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2 1/2
-J /4A 2 1/2 -J /4A<r > <r >
v v 3 w w 3
[fml [MeV fm [ Ifml [MeV fm I
40Ca 4.37 + 0.06 327 + 2 4.94 103
48Ca 4.49 + 0.09 319 + 5 5.09 96
50Ti 4.46 + 0.05 306 + 5 5.05 93
52
cr 4.48 + 0.05 303 + 4 5.08 96
Tab. 1: Integral quantities of the FB-Potential.
5
3
Fig. 2:
Radial differences of the real
part of the optical potentials
for 104 MeV alpha particle
48 50.
scattering from Ca, T1
and 52Cr .
a 10 r Itml
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2.2.5 Fourier-Bessel Description of the Imaginary
Part of the Alpha-Nucleus Optical Potential
H.J. Gils and K. Feißt
The "model independent" description of the real part of the
alpha particle-nucleus optical potential by a Fourier-Bessel series
(FB) (1) has proven to be a most successful method providing inter-
esting information about the radial shape of the potential. In
addition, the method enables realistic estimates of the uncertainties
of the potential and its integral quantities. Even if presently the
detailed shape of the imaginary part of the potential may - for itself -
be of minor interest it seems to be important to get rid off undesirable
constraints given by the form factor used. In particular when studying
possible couplings and ambiguities between real and imaginary part
of the optical potential this problem arises. For these reasons
we have introduced the additional flexibility of the FB-method also
into the description of the imaginary part when analyzing 104 MeV alpha
particle scattering from 12C and 40Ca . 25 different combinations of
cut-off radii and number of parameters (2,3) genera ted in a random
procedure have been studied. When comparing the results with corres-
ponding ones where only the real part was described by the FB-series
the following statements can be made:
1. When comparing cases with equal number of total varied
parameters (FB only in the real part compared to FB in
the real and imaginary part) the experimental cross sections
were equally weIl reproduced. Convergence of the fit proce-
dure is worse when including the FB-method in the imaginary
part, even for small numbers of parameters.
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2. The extracted averaged slope (2) of the real potential
and the values of the integral moments are not affected
by the detailed form of the imaginary potential.
3. The averaged error band of the real potential and its
integral quantities are not affected by the additional
flexibility in the imaginary part, provided that the
total number of parameters does not exceed the region
of stability.
4. The averaged slope of the FB-imaginarypotential does
not deviate from the conventional Saxon-Woods parametriza-
tion.
5. The integral quantities of the imaginary potential are
determined with nearly the same accuracy as that of the
real part whereas the slope of the potential is not at
all determined at radii smaller than about 2 fm.
In view of the investigations of radii of nuclear matter distribu-
tions the second and third statement are most important confirming
previous results (2). The Saxon-Woods form seems to be an adequate
description of the imaginary optical potential of alpha-particle scat-
tering. This is also the result of microscopic treatments of the
imaginary optical potential (4). It must, therefore~ not be replaced by
more flexible forms since the added flexibility only leads to con-
vergence problems but does not affect the results.
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Fine Structure of Inelastic Scattering
Angular Distributions?*
. + . + . +v. Corcalc1uc J R. DUffiltrescu , A. eIoeanel ,
++H.J. Gils, H. Rebel, W. Stach , and S. Zagromski
The angular distributions of 29 MeV 3He particles elastically and
68inelastically scattered from a Zn target has been measured with high
angular resolution. A fine structure of the diffraction oscillation
observed could not be detected. Various suggestions for the origin of
such a fine structure seen in a-particle scattering experiments are
discussed.
* Rev. Roum. Physique (in print)
+ Institute for Physics and Nuclear Engineering, Bucharest,
P.O.B. 5205, Romania
++Physikalisches Institut der Universität Erlangen-Nürnberg,
Erlangen, Federal Republic of Germany
2.2.7 Decay of the Isoscalar Giant Resonances
in 208 pb *
, h+W. !,lyr1c ,
+F. Vogler,
+ 'b+ h 'd +A. Hofmann, U. Sche1 , S. Sc ne1 er ,
and H. Rebel
The decay of the giant~resonance region in 208pb has been studied
in a al-y angular correlation experiment via the reaction chain
208Pb(a,a,)208pbGR(n)207Pb*(y)207pb. The correlation functions are in
agreement with the assumption of predominant E2 strength for the
resonance around E =10.9 MeV, but require considerable strengths of
x
excitation modes higher. than EO for the resonance around E =13.7 MeV.
x
The coincident a-particle spectra show significant fine structure in
the giant-resonance region.
*Phys. Rev. Lett. 43 (1979) 1369
+Physikalisches Institut der Universität Erlangen-Nürnberg, Erlangen,
Germany
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2. 2.8 Investigation of the Neutron Decay
of the Isoscalar Giant Resonances
in 208 pb
. +W. Eyr~ch ,
. +
m1nger , H.
+ h . +A. Hofmann , U. Sc e~b , R. Stam-
+Steuer , and H. Rebel
In the preceeding annual report we described an a-y-angular corre-
lation experiment where the n-decay of the isoscalar giant resonances
(GR) in 208pb was studied indirectly by observation of the subsequent
y-decay in the residual nucleus 207pb • Furtherrnore we reported on test-
measurements for the direct investigation of the neutron decay of the
. . 208 b • • . dg1ant resonances 10 P V1a an cr-n-co1nC1 ence measurement.
necessary which
1 neutron spectra
shown for two
In the meantime the a-n-correlation-measurements have been con-
tinued. To resolve the neutron decay into the individual states in
207pb an overall energy resolution of about 300 keV is
could be achieved roughly in our experiment. In figure
. . d h 1· f h . 208 bco~nc~ ent to t e centra part 0 t e GQR ~n P are
-5+---------+---4--+------1
Fig. 1:
Neutron spectra coincident
to a-particles scattered
from the central region of
the GQR in 208pb at two dif-
ferent positions of the
neutron detector.
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different positions of the n-detectors for an a-scattering angle corres-
ponding to a maximum of the angular distribution of the GQR. Although
the statistical errors are still large the neutron groups corresponding
t h d ' d'ff states of 207pb b 'd 'f' do t e ecay 1nto. 1 erent can e 1 ent1 1e .
As a first result this a-n-coincidence experiment in agreement
with the a-y-work (1) shows that the GR-region in 208pb (9 ~ E ~ 15
207 x
MeV) decays predominantly to the lowest states in Pb (E ~ 2.5 MeV).
x
This is true also for the upper part of the GR-region (E" 13-14 MeV),
whose large widths for the decay into these states indicate that the
decay cannot be described by the statistical model alone.
To get quantitative values for the branching ratios of the n-decay
we are extending Dur a-n-correlation measurements to additional angles
of the n-detectors observing the a-particles at angles corresponding
to maxima and minima of the a-angular distribution of the GR's order
to distinguish between the decay of the resonances and the underlying
continuum. Our aim is to obtain the branching ratios of the different
fine structure components separately. This fine structure which was
found in Dur a-y-work (1) as weil as in arecent (e,e')-experiment (2)
could be observed again in the a-n-coincidence spectra.
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A Study of the Giant Resonance Region of
40 Ca by Inelastic Scattering of 104 MeV
a-Particles*
+ ,+ + h'+H. Rost, W. Eyr1ch , A. Hofmann, U. Sc e1b ,
+F. Vogler, and H. Rebel
40Inelastic a-scattering experiments have been performed on Ca
at E
a
=104 MeV in the angular range 8lab=4°-16°. From the angular
distributions of the giaut resonance structures in the excitation
energy region E =13.3-21.8 MeV the contributions of different L-
x
transfers have been determined.
*Phys. Lett. 88B (1979) 51
+Physikalisches Institut der Universität Erlangen-Nürnberg, Erlangen,
Germany
2. 2 • 10 Isoscalar Dipole Excitations in the Giant
Resonance Region Observed in the Small
Angle Scattering of 104 MeV a-Particles
+ . + +H. Rost, W. Eyr1ch , A. Hofmann, H. Rebel,
h 'b+ +U. Sc e1 ,H. Steuer
Studying the giant resonance region in 40Ca by the aid of in-
elastic scattering of 104 MeV a-particles at small angles (4°~eL~16°)
we found strong indications for collective isoscalar dipole states at
excitation energies between 13.3 MeV and 16.7 MeV (1). In this energy
region the cross sections show a typical rise at forward angles, which
can be described in the framework of the conventional DWBA only if
beside some L = 2 excitation also L = 1 excitation is, assumed. In order
to investigate whether such L = excitations occur also in the giaut
resonance region of other light nuclei we extended our measurements
f 11 ' 1 ' h 1 ,24M 28S ' do sma angle a-part1c e scatter1ng to t e nuc e1 g, 1 an
58Ni . Whereas in 24Mg no remarkable dipole strength could be observed,
in 28Si some L = 1 strength was found at 14.1 MeV. In 58Ni at 7.3 MeV
and around 10.2 MeV isoscalar dipole states were found with strengths
40
comparable to those of Ca.
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Fig. 1:
Isoscalar dipole strengths,
observed in the nuclei 24Mg ,
28si , 40ca , 58Ni at excita-
tion energies E ~ 22 MeV.
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In our DWBA calculations we used a transition density, which was
given by Satchler (2) extending the collective optical model to dipole
diffuseness oscillations. This transition density has anode at r = R',
where R' is given by the constraint of a fixed centre of mass.
In fig. 1 the deformation parameters extracted from these DWBA
analyses versus the excitation energy are plot ted as products ß2E .
x
Of course these deformation parameters cannot be related to a sum
rule on the basis of the usual dipole operator r Yl~' But using the
next higher moment on the dipole operator r 3 Yl~ an approximate
energy weighted sum rule can be derived immediately (3). In this sum
rule the third moments of the transition densities are connected with
the fourth moment of the ground state density. We calculated these mo-
ments for the used Woods-Saxon-potentials neglecting terms of the order
exp (- !).
a
Thereby the total dipole sum turns out to depend to a certain
extent on the ratio aiR. In our case aiR changed from 0.25 leading
to a total sum of (14~6) MeV. In column 3 of table 1 the fractions of
this isoscalar EI energy weighted sum rule are shown. A sum rule with
center of mass correction for the application to electron scattering
-45-
Table 1: Percentages of isoscalar El energy weighted sum rules.
Nucleus
% El EWSR
E (He:V) a) b)
x
< 22 < 0.7 % < 0.8-2 %
14. 1 2 % 3-8 %
5.9 0.3 % 0.5-1 %
6.95 4 % 6-14 %
13.3-15.3 7 % 12-29 %
15.3-16.7 6 % 11-26 %
7.3 6 % 10-23 %
9.2-11. 2 10 % 17-39 %
a) From I Enß~(n) = 14 MeV according to the El EWSR
n 3 2 33h2 A 4I E l<n,l~lr Yl 10>1 = -2--- --4 <r >
n ~ m 7f
n~
b) Adjusted from the value for the 6.95 MeV state in 40Ca from ref. (4).
connecting transition form factors with the elastic form factor has been
derived by Deal (4). He investigated the 6.95 MeV in 40Ca in electron
scattering finding that this state exhausts 6-14 % of his sum rule. If
we use this state to normalize our dipole strengths we find the values
of column 4 in table 1, which are in qualitative agreement with the
values of column 3. An extension of our analyses to more sophisticated
transition densities in connection with folding model calculations is
in preparation.
References
(1) H. Rost et al., Phys. Lett. 88B, (1979) 51
(2) G.R. Satchler, Nucl. Phys. Al00 (1967) 481
(3) A. Bohr, B.R. Mottelson, Nuclear Structure (W.A. Benjamin Inc.,
1975) Vol. 11, p. 401
(4) T.J. Deal, Nucl. Phys. A217, (1973) 210
+Physikalisches Institut der Universität Erlangen-NUrnberg
2 .2. 11
-46-
Inelastie Alpha Partiele Seattering
Experiments Using the Jülieh Magnetie
Speetrograph "Big Karl" for Measuring
+ +the (0 -4 j )-Hexadeeapole Transition
204Rate on Pb
+W. Stach, H.J. Gils, S. Zagromski, H. Rebel,
. ++ ++ . ++S. Mart1n , G. Berg , J. Me1ßberger ,
++ .. k'+++T. Sagefka ,and R. de SW1n1ars 1
There is eonsiderable evidence for eolleetive hexadecapole motion
in spherieal and quasi-spherieal nuelei. Inelastie alpha partiele
seattering (1) in the 100 MeV region showed a high sensitivity to mag-
nitude and phase of the L = 4 transition amplitudes and revealed a
eorrelation between a strong lowering of the energy
+ +E2+ and an enhaneement of the 4 1 + 0 hexadecapole
is 1desirable to eompare eleetromagnetie transition
level ratio E4+ I
., I 1trans1t10n. t
rates with the iso-
sealar rates indueed by alpha partiele seattering as there might be
interesting differenees, in partieular for nuelei with large neutron
exeess. Furthermore, as the analysis of the seattering cross seetions
is neeessarily based on a speeifie reaetion model, a eomparison may
shed some light to the model dependenee of the extraeted isosealar
transition rates.
h . f' f h 0+ 4+ .,. 204 b . dT e spee1 1e ease'o t e + 1 trans1t10n 1n P prov1 es a
favourable situation sinee Signorini and Morinaga (2) sueeeded in meas-
uring the 4i + 0+ y-transition in presenee of the dominating
4~ + 2+ + 0 easeading tran~itions. We have started measurements of
. 1 . 1 h . 1 . f 204pb ' d . d1ne ast1e a p a part1e e seatter1ng rom 1n or er to prov1 e
preeise differential cross seetions for a detailed theoretieal analysis.
Test runs using the 104 MeV alpha partiele beam of the Karlsruhe Iso-
ehronous Cyelotron demonstrated that - due to restrieted resolution
and nuelear reaetions in the solid state material - a semieonduetor
+deteetor is not suited to measure the relatively low 4 1-peak (in
presenee of the dominating elastie seattering tail).
In order to do so we took advantage of the qualities of the
magnetie speetrograph "Big Karl" at the Jülieh Isoehronous Cyelotron.
Fig. 1 displays a speetrum of inelastieally seattered alpha partieles
1200
400
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Fig. 1: Spectrum of alpha particles inelastically
204pb target (with C and 0 impurities).
scattered from a
204 2from a Pb target (2.04 mg/ern thick) where the peak of interest
is clearly identified. The intensity of the peak is strongly varying
with the scattering angle. Up to now spectra for seven angles between
8L 9° and 18.5° have been taken for ELab = 104 MeV. Further runs are
in preparation.
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6LI-PARTICLES
Transfer of 6Li Break-Up Fragments at 6Li
projectile Energies far above the Coulomb
Barrier*
h . +B. Neumann, J. Busc mann, H. Klewe-Neben1us ,
H. Rebel, and H.J. Gils
Transfer of beam-velocity fragments has been experimentally inves-
. d' 6. . d d . 208 b d 209 ., ht1gate 1n L1 1n UCe react10ns on P an B1 1n t e energy range
ELi = 60-156 MeV. The experimental techniques involve the observation
of the target residues and measurements of the recoil ranges of heavy
residual nuclei produced by charged particle bombardment. The determina-
tion of the recoil energy enables the discrimination of different reac-
tion paths leading to the same residual nuclei. (6Li , xn+p) excitation
2functions prove to be very similar to (0(, (x-l)n) reactions at EO( ~ ~Li'
The results present experimental evidence for a particular reaction type
indicated in previous experiments: Dissociation of the 6Li projectile
with capture of the beam-velocity~-particleindicating an (0(, xn) reac-
tion ("internal break-up").
*Nuclear Physics A329 (1979) 259
+Institut für Radiochemie, Kernforschungszentrum Karlsruhe
2.3.2 Projectile Break-Up in Continuous Particle
Spectra from Nuclear Reactions Induced by
156 MeV 6Li *
B. Neumann, H. Rebel, J. Buschmann, H.J. Gils,
b • + .H. Klewe-Ne en1US , and S. Zagromsk1
Th b k f 156 M V 6 . . 11 . d' . h 12C 60N· 90Ze rea -up 0 e Ll lans co 1 lUg Wlt , 1, r,
120Sn and 208pb has been experimentally studied. It was found that
the break-up cross section decreases rapidly with increasing emission
angles of the fragments and increases with increasing target mass. It
comprises a fairly large fraction of the total reaction cross section.
6 . .,. 1The observed features suggest that the L1 fragmentat10n 1S ma1n y a
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peripheral process, and is dominated by the cluster properties of the
incident projectile. A simple plane-wave break-up model gives a rather
good description of the shapes of the break-up bumps. The angular distri-
b ' f h f 'd' h 6. 208 b ' 1 hut10ns 0 t e ragments em1tte 1n t e L1 + P react10n revea t e
transition from peripherial break-up to incomplete fusion processes by
which beam-velocity fragments are captured by the target nucleus. In
addition to the (~+d) dissociation the (3He + t) break-up has been ob-
served, but the triton spectra appear to be rather complex indicating
further components due to more complicated reaction paths.
*Z. Physik A (in print)
+Institut für Radiochemie, Kernforschungszentrum Karlsruhe
2.3.3 Continuous Particle Spectra from (6Li + 40ca )
Reactions at ELi =156 MeV and the Complex
Structure of the Triton Component
+ . b . +B. Neumann • J. Buschmann, H.J. G1ls, H. KLewe-Ne en1US ,
H. Rebel, S. Zagromski, and K. Feißt
Our previous experiments (1,2) investigating 6Li induced nuclear
reactions at ELi=25 MeV/nucleon have given an overview of the main
features of inclusive energy spectra of light particles emitted after
6Li bombardment and have established the dominant contribution of the
projectile break-up components. For more detailed studies of the reac-
tion meachanism and of the relative importance of various channels the
6. 40 h f hsystem L1 on Ca has been c osen and measurements 0 t e energy
f d 3 4 6, d 7. "1 .. 1spectra or Pt ,t, He, He, Li an Li e]ectl es at emiSSion ang es
between 9Lab=9° and 90° have been performed. The detector consisted
of a 300 ~m thick silicon E detector followed by a 20 mm thick high-
purity germanium detector. The obtained energy spectra show distinct
bumps of beam-velocity particles, strongly decreasing in intensity
with the emission angle. The 3He and triton spectra confirm the
conspicuosly different structure of the triton and 3He spectra which
208has been already observed when bombarding a Pb target (2). In
addition to a component which may be associated with the quasi-free
'00
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6Li + 40Ca
El(]b= 156 MeV
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Fig. 1: Continuous 3He and triton energy spectra after bombarding
40Ca by 156 MeV 6Li ions.
for the role of
and which is exponentially decreasing with
we may recognize further rather intensive
3( He + t) break-up
angle (see fig. 1)
at lower energies covering the region of the optimum
transfer reactions. This might be also an indication
Q-value
emission
components
3
of He
"incomplete fusion" processes. In addition the triton spectra may
contain - besides of the precompound decay - contributions due to
two-step processes involving break-up followed by neutron-pick-up by the
break-up deuteron. Nevertheless, the triton spectrum, and in particular
its difference from the 3He spectrum remains somewhat puzzling and has
to be clarified by more detailed (exclusive) experiments.
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Investigation of Fusion and Partial Fusion
in the 6Li + 40 Ca Reaction at ELi =156 MeV
.+ . + +K. Grotowsk1 , Z. MaJka , R. Plane ta , J. Buschmann,
. ++ ++H. Klewe-Neben1us ,H.J. Gils, B. Neumann
H. Rebel, and S. Zagromski
In order to obtain information on fusion and partial fusion cross
sections and the respective reaction mechanisms when bombarding 40ca by
156 MeV 6Li ions, in-beamf-ray spectra have been measured using a
Ge(Li) detector. The experimental set-up is shown in fig.1.
concrete
shielding
40~~ ~~1~~2 ;:.{ ~_""mFaraday
156 MeV 6U Q-triplet \ ;.!: doublet ~ Cup
O.5nA OOB ~ ~ 8B1----=:~-fJ
,/'(- LJ tJ
Pb, Cd,Cu filter ~,,~: Shieldi~
Ge(U) detector
Fig. 1: Schematic view of ·the experimental set-up.
An example of the y-spectra which have been measured in coincidence
with the cyclotron RF pulses is shown in fig. 2. By analysing the
spectra by means of the "SAMPO" code about 260 y-lines could be
identified. About 80 % of these lines have been assigned to the re-
sidual nuclei quoted in tab. 1 by at least one unique and one addi-
tional y-transition. Transitions not feeding the respective ground
states are marked by an asterisk. Some reaction products lighter than
. f 6 . . h 27 1sulfur mayaiso be due to react10ns 0 L1 or neutrons W1t A
of the beam tube. A more detailed analysis and comparison with
statistical model calculations are in progress.
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T bl 1 R . d I I" d . f' d' h 6. 40 .a e : eS1 ua nuc e1 1 ent1 1e 1n t e L1 + Ca react10n
together with the most prominent transitions.
Nuclide E)' keV Nuclide Er keV Nuclide Ey keV
43Sc 845.3 37K 1379. 27Al 2210.
43Ca 2093.9 37Ar 1409. 1 25Mg 974.8
42Ca 1524.6 37CI 3103.3 24AI 2380.
41 Ca 2605. 36Ar 1970. 24 Na 2563.
41K 850.5* 36CI 788.4 23Na 627.3*
40Ca 3737. 35CI 3162.6 23Ne 1017. *
40K 843.6 35s 1992. 22Na 583.
39K 783.3* 34s 3303.5 21 Ne 350.7
39Ar 1267.2 33p 3490. 19Ne 1339.8*
39CI 1301 .5 32Si 2292.6* 19F 13.~8. 6*
38K 3420. 29Si 754.9* 11 Be 3890.0
38Ar 1642.4* 28AI 1014. 10B 718.3
+ Institute of Nuclear Physics and Jagellonian UnJversity, Krakow, Poland
++Institut für Radiochemie des Kernforschungszentrums Karlsruhe
2.3.5 Cluster Folding Model Description of 156 MeV
6 . EI' . f 12 CL1 ast1c Scatter1ng rom
z. Majka+, H. Rebel, and H.J. Gils
The elastic scattering of 156 MeV 6Li ion from 12C has been analyzed
by single folding models (target and projectile folding) and by refined
double folding model (1). The calculations indicate that such approaches
are notable to describe satisfact6rily the experimental differential cross
"::-..:.-,
sections in this specific case.
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Taking into account the cluster structure of the projectile (6Li=
«+d) (2) and of the target nucleus (12C = 3 ~-particles) (3) the real
part of 6Li_12C potential has been contructed using c(-O( and (){-d inter-
actions. The resulting real potential improves the description of
12 (6 . 6 ') 12 . dC L1, L1 C exper1mental ata.
These investigations indicate that the inclusion of clusterisation
. . 6 . 12"
effects 1S 1mportant for the L1- C system.
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3. LASER SPECTROSCOPY AND PHOTON SCATTERING
3. 1 Atomic Beam Laser Spectroscopy of Neutron
Deficient Ba-Nuclides*
H. Rebel, K. Bekk. G. Nowicki. and G. Schatz
the resonance
dye laser in a
measured by observing
resolution tunable CW
hyperfine structure of the BaI 6s2 Is
o
( A= 553.6 nm) in neutron deficient
fluorescence induced by a high
Isotope shifts and
16s6p PI resonance transitions
Ba nuclides (N < 82) have been
well collimated atomic beam. The experimental results, now available
for 17 Ba isotopes and isomers with A = 140 - 124, are used to
deduce differences of rms charge radii, magnetic dipole and electric
quadrupole moments. While the groundstates displaya pronounced
odd-even staggering the h 11/2 isomers 135~a and 133~a show a
decreased staggering. Conspicuously the isomer shift of the g 7/2+
. 129DL . h 1 . fiSOmer tla proves to be negative. T e nue ear structure in orma-
tion is discussed in the context of gamma-spectroscopic studies of
transition nuclei with 50 ~ N,Z < 82 and on the basis of a quasi-
particle-plus-triaxial rotor model. The isotope shift discrepancy
observed is fairly well described by the droplet model.
*Nukleonika 25 (1980) 145
Measurements of Isotope Shifts
Structure Splitting of the 4s 2
Hyperfine
-4s4plp
1
3.2
Atomic Resonance
and
1 S
o
Transition for the Ca
Isotopes
A. Andl, K. Bekk, G. Nowicki, and A. Hanser
Isotope shifts (IS) and hyperfine structure (A- and B-factors)
of the Ca1 resonance line at A= 422.7 nm have been measured for
stable and radioactive Ca nuclides between A = 40 and A = 48. The
measurements are based on the observation of the resonance fluores-
cence induced in a well-collimated atomic beam by the light of high
resolution tunable CW dye lasers. The experimental method and set-up
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are similar to those in ref. 1. The main modification introduced
is a new jet-stream laser operated with astilben dye. For the sampIe
preparation quantities of 0.05 - 10 ng of the Ca isotope of interest
were implanted into the inner surface of the atomic beam oven by means
of an electromagnetic mass seperator. Details as to the instable
47isotopes are given in contribution 3.3. The results on Ca were
obtained using a sampIe of only 20 pg at the beginning of the meas-
urement which demonstrates once more the sensitivity of the method.
Fig. 1 displays a fluorescence spectrum of a sampIe containing 41 Ca
'" "'''' "'''''''"- '- "- -'-"-rn
" '" rn " '"
" " " " " "~ ~ ~ ~ ~~
0
"'''''''
<0
.- .- .-.- .-.-.- .-
; ; ; ; ; ; ;
•
"
"•
•$
Fig. 1:
400 800 1200 1600 (M~Z)
41 45Fluorescence spectrum measured with a ' Ca sampIe.
45
and Ca. The experimental line-width was about 42 MHz (FWHM) which
exceeds the natural line-width by ca. 20 %. The counting rate far off
the resonances was about 100 counts/so From the hyperfine splittings
A- and B-factors have been determined which are given in tab. 1 in
dd ' . h' h . f l' h .., h 40a 1t1on to t e 1sotope s 1 ts re at1ve to t e trans1t10n 1n t e Ca
atom.
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Table 1: Observed IS and hyperfine structure constants A and B
in the Ca isotopic chain.
Atomic Isotope A B
number shift (MHz) (MHz) (MHz)
41 221.3 (2.B) -17.65 (27) -3.13 (2.7B)
42 393.9 ( 1.1)
43 613.6 (1.3) -14.25 (5) -3.52 (50)
44 777.2 (2.5)
45 991.2 (1 .4) -13.96 (B) +3.70 (76)
46 1166.0 ( 1.1)
47 1351 .2 (3.2) -15.73 (30) +2.46 (2.90)
4B 151B.B (1. B)
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3 . 3 Sampies of Instable Ca Isotopes with Low
Contamination by Stable Ca
B. Feurer and A. Hanser
For laserspectroscopic measurements (see contribution 3.2) instable
. d d . h . 40 ( )41 44 ( V")45Ca 1sotopes were pro uce V1a t e react10ns Ca n'l Ca, Ca n'G Ca,
46 47 4B 47 ..Ca(n'r) Ca, and Ca(d,2n+p) Ca. In order to 1solate 1nstable Ca
isotopes from stable Ca target material, an electromagnetic mass
separation with a high separation factor is required. The thermal
ion source used successfully in the foregoing barium experiments
yields high separation factors. But the ionization potential of Ca is
higher and the decomposition temperature of the oxid lower than the
corresponding values of Ba, both decreasing the ionization process
yield. Therefore, a new oven ampoule for the thermal ion source was
developed (fig. 1) with which even at the necessary high ion current
output practicable yields for the mass separation process (up to 5 %)
-S8-
Q e b c e d
------B--- +_J
o 10 20mm
Fig. 1: New tantalum oven ampoule for the thermal ion source,
suitable for Ca separations.
a: decomposition and vaporization chamber; b: connecting
tube; c: ionization chamber; d: ion extraction orifice;
e: filaments for electron impact heating.
are achieved. For a further decrease of the contamination by stable Ca,
care was taken for good vacuum inside the mass separator (rv 1.10-6 Torr),
and a tube of 22 cm length was set in front of the collector diaphragm
in order to screen against scattered ions and neutrals.
SampIes containing both rv 20 ng 41 Ca ('t'1/2 = 1.3.10S a) and ",S ng
4SCa (~1/2 = 163 d) have been prepared from natural Ca and enriched
44ca , respectively, irradiated for about 1 1/2 years in the Karlsruhe
Research Reactor. Contamination by the stable target isotopes origina-
ting from the mass separation process was quite negligible in this case.
T 1 47 (- 4 S d) f' 1 . f 48o prepare samp es of Ca ~1/2 =. 1rst y 1.S mg oX1de 0 Ca
enriched to 9S % was irradiated with 38 MeV deuterons for 3 1/2 days
. h 1 h h 1 . ld' 47 /48 . f1n t e Kar sru e Isoc ronous Cyc otron y1e 1ng a Ca Ca rat10 0
4,S'10-6 . The electroma~netic separation of the 47Ca resulted in a sampIe
48
of 0.08 ng (measured via the y-radiation) contaminated by IV 0.11 ng Ca
(as seen in the laserspectroscopic measurement). From this aseparation
factor of""1.6'10S can be deduced. As the separation of a lower mass
from a heavier one is the more unfavourable case for electromagnetic mass
separation, in a second experiment 2.6 mg carbonate of very expensive
highly enriched 46Ca (43 %) was irradiated in the Karlsruhe Reactor for
20 days. In this case the mass separation resulted in a sampIe of O.S ng
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47 46Ca. From the measurement of the Ca mass
46factor and the contamination by Ca can be
line tailing the separation
estimated to N 6_105 and
~0.04 ng, respectively. For calibration purposes a trace of a noninter-
fering stable Ca isotope has been added to every sampie.
3.4 The Charge ms-Radii of Stable and Radioactive
Ca Isotopes
A. Andl, K. Bekk, G. Nowicki, H. Rebel, and G. Schatz
The measured hyperfine structure splitting factors and isotope
shifts of the Ca I resonance transition (A= 422.7 nm) have been con-
sidered in view of their information on nuclear moments and on the
variation of the charge radii of the Ca isotopes. The contribution of
the "specific mass effect" to the observed isotope shifts has been
ruled out by comparison with results from muonic X-ray (1) and electron
scattering studies (2). Fig. 1 displays the variation of the ms-radii
of the charge distributions and compares with results of different
experiments (1,3,4). The error bars quoted for the laserspectroscopic
results are dominated by the remaining (systematic) uncertainty due
to the specific mass effect. Fig. 1 reveals a remarkable behaviour of
the charge distributions of the Ca nuclei
40 48the charge ms-radii of Ca and Ca are equal whereas the even
nuclei in between have a charge radius larger in size by about 1 %
there is a considerable odd-eveq staggering
the ms-charge radii of 41 Ca and 40Ca are equal whereas those of
47 48 .Ca (T 1/ 2 4.54 d) and Ca d1ffer slightly.
It is interesting to note that there are conspicuously similar trends
in the quadrupole transition strengths inferred from inelastic alpha
particle scattering (5) in the B(E2;0-21)-values as weIl as in the
transition radii measured (6) for O~-O~ monopole transitions in even
Ca nuclei. Therefore, in a phenomenological way the observed variation
may be ascribed to adeformation effect via
including a small breathing (monopole polarizibility) d<~~ of the 40Ca
-60-
CHANGES IN RMS - NUClEAR OiARGE RADI I (IN fm 2 I
OF CALCIUM - ISOTOPES
0.3
0.2
0.1
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, ~!ical speclr.ll-bY'lo.oer I
X laser spectr. II-k'idelbergl Fig. 1:
Variation of ms-radii
of the nuclear charge
distributions of Ca
isotopes
core. The required ms deformation values<p2> are consistent with the
observed B(E2) values, but can hardly be related to the observed quadru-
pole moments without further nuclear structure information.
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Coulomb Correction to Delbrück Scattering
Investigated at Z = 94*
+ + +P. Rullhusen , F. Smend , M. Schumacher , A. Hanser,
and H. Rebel
Differential cross sections for the elastic scattering of 2.754 MeV
photons by Pu were measured for angles ranging from 45 to 1200 and
interpreted in terms of Delbrück, nuclear rhomson, Rayleigh and nuclear
resonance scattering. It is shown that the largest part of the discre-
pancy between experiment and the lowest-order Delbrück theory can be
removed by introducing a (zu)4-dependent Coulomb correction term.
Evidence is obtained for additional Coulomb corrections terms of higher
order in (Zu).
*Z. Physik ~293 (1979) 287
+11. Physikalisches Institut der Universität Göttingen, Göttingen,
Federal Republic of Germany
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THEORY
Calculation of Nuclear Reaction Parameters
with the Generator Coordinate Method and
their Interpretation*
R. Beck, M.V. Mihailovic+, and M. poljtak+
Collisions between complex nuclei are described variationally in
terms of the GCM with the aim to provide an evidence that it is a managable
calculational procedure. The variational principle of Kohn and Kato is
used to derive the expression for the K matrix. The space of scattering
states is spanned entirely by antisymmetrized products of shell model
wave functions describing separate clusters; the generator coordinate
is the separation between the two shell model potentials. Scattering
boundary conditions are enforced by solving an integral equation for
the channel GC amplitude in each open channel separately. The main part
of evaluation of collision parameters is performed by calculating
double integrals of a form factor between channel GC amplitudes. A
theorem about a property of the form factors is proved which allows
to reduce the amount of work needed to calculate double integrals.
The application of the method to the elastic 3H to 4He scattering
has shown the feasibility of the calculation.
It is shown how an analysis of calculated scattering parameters
and corresponding scattering states in terms of quasibound states en-
ables one to make a consistent comparison with experiment and to extract
some knowledge of the reaction mechanism.
Finally a comparative list of the calculational procedures of the
GCM and RGM for reactions is made.
*Submitted to Nuclear Physics
+J. Stefan Institute, E. Kardelj Institute, Ljubljana, Yugoslavia
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The Three-Cluster 5truetures in 7Li *
R. Beek, R. Krivee, and M.V. Mihailovic+
A model is derived for the strueture of light nuelei whieh ineludes
two- and three-eluster eonfigurations. The model is applied to the
nueleus 7Li by ineluding the two-eluster eonfiguration (4He_3H) and the
three-eluster eonfigurations (4He-(2Hld-ln»I' I d =0,1 and I = t,~. A
signifieant improvement has been obtained eompared to the model whieh
eontained two-eluster eonfigurations only with Is- and lp-fragments.
*5ubmitted to Nuelear Physies
+J. 5tefan Institute, E. Kardelj University, Ljubljana, Yugoslavia
4 . 3 Caleulation of Two-Partiele Transfer
Reaetions in 7Li
R. Beek, R. Krivee, and M.V. Mihailovic+
The reaction
is studied in the framework of the reaetion theory (1) of the Generator
Coordinate Method. The veetor space is spanned by the basis
e:p-r1i(~'ll) = pJM~~eB. (~,~ xP3 (:t'~3 )~(; He He H H
J..-JM1C JM1i frh vi-. 'l.
'1"'2 (~,2.2) = P '\'16. (~'~6 . "1'1 (~'Zn) J
L~ L~ n
where 4>4 He(~'~He) '~3H(~':GH) and~in (~,~) are 5later determinants
built from ls-single partiele harmonie oseillator funetions centered
at 54 ,53 and 51 ' respeetively. The funetion.!..6 (X,5" ) is a
'" He "" H '" n 4 2 'i1 Li - ""'Li
two-center function of the type ( He- H). The distanees 51 = 54 -53
~ "'oJ H -- H
and 52 = 56 -51 are the generator coordinates. e
'" "'Li"'n
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The trial function is of the type
+[ C~2) Ji"JM i\x, S )
JP '"f2 _ ...2p
P
=.2. C~l)~JMli(x,S. )
JP jl - -JPP
+ (ds L (sJ...~'(X,S)~) "\,. J ~A.f"J "Y 6V
• 2 -
.,. t S ~JMII+ c..... K.. 1 ds g. 1 (S) . I (X, S) ;
"1 JJ '" J ~ J ."Y_J =
(j=I,2)
Th ff " C( l) t (2) t d t h .. 1e coe 1C1ents . , C. an K." are t e var1at1ona parameters.
JP JP JJ
The index j = tJM{1lk1 comprises all channel quantum numbers.
The generator coordinate amplitudes f.(S) and g.(S) are defined
J - J .-
by the following equation
(
' F.(k.r.») Yl (~.)J J J m J
G. (k. r.) r j
J J J
\
' [~.' ~(fl(S»)= ds exp - ~(r.-S) m ~ ,
.... 2 ~J -.. gl (S)
m-
1 12by IX = -ß andI"1 7 '
where F. and G. are the regular and the irregular Coulomb functions,
J J
respectively.
1
The reduced oscillator parametersf.). are given
n..' 6 J
\v2 ~ 7~' where ~ is the oscillator parameter.
tThe matrix K" , is determined by the Kato-Kohn variational method
JJ
K. I' W. = -(F .•\6 \F.) + z...<G.IA \ F . ;'\J J J J J H' 1 J'/
*<Gi\AIGi)-I<h'IA\Fj} )
where W. is the Wronskian of the functions F. and G.•
J J J
.b. = H"-H"lTJ..(S 5>0'(S )\~S ,J'-l<4'(S I)\H"1't'...,P :t' Np n~.-..p '/ lIVppp
H = H-E
The method of calculation of the matrix elements (FjlL11 Fj ),
<Gj \6\Gjl/ and<Gj\6IFj~ is described in ref. (l).
Reference
(1) Calculation of nuclear reaction parameters with the Generator
Coordinate Method and their interpretation, R. Beck, M.V. Mihai-
lovic, and M. Poljsak. Submitted to Nucl. Phys.
+J. Stefan Institute, E. Kardelj University, Ljubljana, Yugoslavia
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Comparison of the scission-Point
Model of Nuclear Fission with
Experimental Data
F. Dickmann, A.A. Naqvi, F. Käppeler
The scission-point model is used to test different hypotheses
concerning the interplay of the collective modes relevant for the
fission process and their coupling to internal degrees of excitation
prior to acission (1-3). In all vers ions of the model the deforma-
bility of the nascent fragments is essential because, by influencing
the Coulomb interaction of the fragments, it is a contributory
determinant of the measurable kinetic energy (2) and of the energy
available for collective and internal excitation.
The sO far moat successful version (3) is based on the assump-
tion of a statistical equilibrium between the collective degrees of
freedom and a weak coupling of these modes to internal excitations.
It explains the gross features of fission such as the fragment
yields, the kinetic energy distribution and the neutron emission from
the fragments. This is achieved without extensive parameter fitting.
The distance d between the half density surfaces of the fragments
in the scission configuration, e.g., is independent of the mass
ratio. In contrast to this the assumption of a complete statistical
equilibrium leads to disagreement with the mass yield curve unless
d is adjusted (1).
However also the model of Wilkins et al. (3) runs into diffi-
culties upon a detailed comparison with new experimental data (4).
The theoretical number of neutrons emitted by the heavy fragment is
low. Furthermore we conclude from the published results that the ob-
served asymmetrie increase of the neutron-emission curve with excita-
tion energy (see Fig. 1 of ref. 4) is outside the scope of the model
in its present version, although calculations emphasizing this point
don't exist. We suggest that the inclusion of octupole deformations
for the nascent fragments will help to brooden the mass yield curves
which are too narrow due to overstimation of shell effects.
-66-
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APPLIED NUCLEAR PHYSICS
NUCLEAR FUEL AND ELEMENTAL ANALYSIS
Assay of Uranium and Plutonium in Solution by
K-Edge Photon Absorptiometry Using a Continuous
X-Ray Beam*
H. Eberle, P. Matussek, I. Michel-Piper, and H. Ottmar
K-edge absorptiometry of a continuous X-ray spectrum is examined
and evaluated with respect to the nondestructive analysis of uranium
and plutonium in feed and product solutions of a reprocessing plant.
Randöm and systematic errors associated with the technique are care-
fully analyzed and experimentally verified. The da ta presented show
that K-edge densitometry allows to determine SNM materials at concentra-
tion levels above 50 g/L with an accuracy of 0.2 % in any type of solu-
tion, including highly gamma active feed solutions.
*Proceedings of the 2nd Annual ESARDA Symposium on Safeguards and
Nuclear Material Management, 26th/28th March, 1980, Edinburgh, Scotland,
ESARDA Report No. 11, p. 372, edited by JRC Ispra, Italy
5.1.2 Status of the Gamma Densitometer for Uranium
and Plutonium Analysis in Solutions
H. Eberle, P. Matussek, 1. Michel-Piper, and H. Ottmar
The K-edge gamma absorptiometry system has now been equipped with
a new D.C. high voltage X-ray generator which is powered by a 150 kV /
20 mA high voltage supply with astability of 0.1 %. C9mpared to the
previously used A.C. generator the new set-up provides better high voltage
stability, better pile-up behaviour and significantly reduced measurement
times at the same integral countrate. The new X-ray tube can also be
operated at low X-ray energies for L-edge densitometry.
Measurements have been performed on uranium nitrate solutions with
uranium concentrations ranging from 50 to 500 grams U/litre. Accuracies
of about 0.2 % could be achieved within assay times of 20 minutes (1).
Qualitative test measurements havealso been carried out on some pluto-
nium solutions and a reprocessing input tank solution. The quantitative
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assay of those solutions is planned for the near future. In order to
allow the handling of the highly radioactive sampies, a glove box has
been added to the densitometry system. Two locks serve as input and
output for shielded radioactive solution containers to and from the
measurement 'position inside the glove box. The X-ray generator, the
primary collimator and the Ge detector are positioned outside the
glove box. The collimated X-ray beam enters and leaves the glove box
through thin Be windows.
Fig. 1:
Details of the X-ray
densitometer system
showing the X-ray tube,
the primary collimator,
the sampie cell and the
secondary collimator.
Sample shielding and
glove box are removed.
All elements of the system are mounted on a distortion free table.
The generator, the measuring cell and the collimators are fixed on an
optical bank in order to assure the proper alignment of the extremely
narrow beam geometry. The system components including the HV generator
with the associated control electronics are combined into a transport-
able unit.
The Ge detector signals are processed with a standard NIM ampli-
fier and pile-up rejector to a computer-based da ta aquisition and
evaluation system (ND 6600) equipped with 224 kByte memory, a 10 MByte
harddisk and a magnetic tape unit. The data evaluation programs are
written in FORTRAN. They comprise Compton and pile-up background cor-
rection routines, calculation of the heavy element concentration using
least squares fit procedures and treatment of measurement errors (1).
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The dialog between operator and system takes place on a question and
answer basis via the system console or the fast teletype. The accumu-
lated spectra will be routinely recorded on magnetic tape. The calculated
heavy element concentrations along with the relevant system parameters
and calibration constants are printed out and are also saved on
magnetic tape.
The evaluation of the densitometer system is part of the joint
program on the technical development and further improvement of 1AEA
safeguards between the gouvernment of the Federal Republic of Germany
and the 1AEA. After final tests the equipment will be transferred to
the radiochemistry division where the measurements on plutonium and
reprocessing input tank solutions will be performed.
References
(1) H. Eberle, P. Matussek, 1. Michel-Piper, H. Ottmar, Proc. of
the 2nd Annual Symposium on Safeguards and Nuclear Material
Management, 26th/28th March, 1980, Edinburgh, Scotland, ESARDA
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5. 1 . 3 Branching 1ntensity of the 43.40 keV Gamma
Line from 241 Am
+M.R. 1yer and H. Ottmar
The low energy region 26 to 60 keV in the gamma spectrum of
plutonium provides finger prints of all major plutonium isotopes
(except 241 pu) and their daughter products of interest for the NDA
of Pu isotopic composition using high resolution gamma-ray spectro-
metry. The low energy region is ideal for the isotopic assay in solu-
tions. The fundamental parameter method (1) does not need any
standards. The accuracy'of the results depends on the accuracy with
which the nuclear data is available.
A comprehensive compilation of the branching intensities of
gamma rays from Pu isotopes and their daughter products have been
published by Gunnink et al. (2,3). The peak due to the 238pu signature
at 43.477 keV has invariably the contribution from the 43.40 keV line
241 . h . 1 kfrom Am as the two cannot be resolved. 1t 1S t us essent1a to now
the branching intensity of the 241 Am gamma line accurately for the
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estimation of 238pu isotopic ratios. As per the earlier compilation
of Gunnink et al. (2) the line has a branching ratio of 9.10E-04,
whereas in the later compilation (3) the gamma line is attributed
1 237 . h h' .on y to U W1t a branc 1ng rat10 of 5.90E-09.
241A re-examination of the 26 to 60 keV region in the Am gamma
spectrum was made using a LEPS detector system having aresolution
of 470 eV at 122 keV. The relative efficiency function was obtained
from the photopeak counts at 26.344 keV, 43.40 keV and 59.536 keV.
The intensity of 9.10E-04 given by Gunnink et al. (2) does not fit
with the smooth relative efficiency curve. The relative efficiency
at 43.40 keV from this curve was used to arrive at its branching
intensity. The evaluation was done using two different americium
sources giving a mean value of 6.95E-04 + 2 %.
References
(1) H. Eberle et al., Safeguards Technology, IAEA, vol. 2,
p. 27 (1979)
(2) R. Gunnink et a1. , Report UCRL 51096 (1971)
(3) R. Gunnink et al. , Report UCRL 52139 (1976)
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5.1.4 Th 235 . h . 1e U Enr1C ment Mon1tor: In-P ant
Installation and First Operational
Experiences
+S. Baumann , H. Eberle, and P. Matussek
The in-line assay system designed for continuously monitoring
the 235u enrichment of uranium oxide powder prior to pelletizing (1)
has been installed at the RBU facility in July 1979. Having passed
initial tests and calibrations, the system is now being active for
routine measurements since March 1980. In the present stage, the
computerized system services two enrichment measurement stations, with
the enrichment monitors being installed ahead of the pellet presses
in two different process lines. Hardware and software provisions are
made for connecting of up to eight independent enrichment measure-
ment stations to the PDP 11/04 computer.
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A 1000 sec count time has been chosen for a single enrichment assay
at the in-line positions. Up to now, several thousand enrichment measure-
ments have been completed under real in-plant
system has proved to meet the design goals of
ment within the typical enrichment tolerances
conditions. So far, the
. h 235 . hassay1ng t e U enr1C -
for LWR fuel. At the 3 %
enrichment level, the enrichment is measured with aprecision of about
0.4 % (1 ). Built-in features such as corrections for gain variations and
monitoring of the resolution of the NaI detectors assure a high reliabi-
lity of the measured enrichment data.
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0.850510
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Table 1: Example of a Summary Protocol Obtained from In-Line Measurements
of the 235U Enrichment.
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Table 1 presents a reprint of the summary protocol which the
system delivers upon the completion of the processing of a certain
batch of material. In the present example 353 enrichment analyses
have been performed during the processing of the particular batch.
The summary protocol records the mean value of the measured enrich-
ments with the associated standard deviation as weIl as the minimum
and maximum enrichment values measured from a batch of material.
Additional information is given on the mean values of the countrates
in the peak and background windows for the 185.7 keV line, and on
the energy resolution of two reference peaks from the measured gamma
spectrum. The batch-specific data given in the protocol have to be
entered via teletype by the operator on a question-answer basis before
he starts the processing of a new batch.
The initial calibration has been performed at the in-line posi-
tion with bulk quantities of uranium oxide powder of two different
enrichments. Once established, the calibration constants have been
continuously improved by using the measured countrates from the
actually processed materials together with the enrichments from
corresponding laboratory sampIe analyses. This 'dynamic' calibration
procedure has proved to work reasonably weIl. The attempt to calibrate
the system off-line with small amounts of uranium oxide in dummy
containers partly failed, and it needs further evaluation.
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5.1.5 N h 'b' f 238ote on t e Contr~ ut~on 0 U Daughter
Produets to the 185 keV Gamma-Ray Intensity
Observed from Low-Enriehed Uranium
H. Ottmar
Th ,235, l' ke gammaspeetrometr~e U enr~ehment ana ys~s ma es use of the
proportionality between the measured intensity of the most prominent
235U gamma ray at 185.7 keV and the abundanee of the 235U isotope. Low-
abundant gamma rays of similar energy, however, are also emitted by the
238 234 234m... , .U daughter produets Pa and Ya, thus ~ntrodue~ng a small
I ' , , h 235 . hnon 1near1ty 1nto t e U enr1C meut rneasurements.
we are quantifying the interferenee of those
daughter produets whieh eannot be resolved from
note
238U
In the present
gamma rays from the
235the U gamma line at 185.7 keV in typieal gamma measurements with
solid state deteetors. The data given are based on experimental data
derived from our previously reported measurements on low-enriehed U308
prototype standard sampies (1). The speetral informations obtained from
those measurements, together with the very weIl known isotopie eomposi-
tion of the sampies, have been used to redetermine the absolute braneh-
" "f f 234 d 234IIL ' h '1ng ~ntens1t~es 0 gamma rays rom Pa an Ya 1n t e energy reg10n
between 130 and 295 keV.
Table 1 summarizes the measured branehing intensities of those gam-
ma rays. The intensity values have been normalized to the absolute
b h " " f 231 h d 235 d b ' k (2)rane 1ng 1ntens1t1es 0 T an U gamma rays reporte y Gunn1n .
h h '" f h 234 bOn t e average, t e 1ntens1t1es 0 t e Pa gamma rays turn out to e
10 %higher, and those for the 234~a gamma rays about 20 % lower than
the adopted values in the Nuelear Data Sheets (3). The branehing inten-
'1 65 0-4 258 2 k f 234IIL"S1ty va ue of 7. x 1 for the . eV gamma ray rom ya 1S ~n
-4
elose agreement with the value of 7.69 x 10 reeently determined by
Harry et al. (4).
, 234 234m... ' 1The 186.0 and 184.7 keV 11nes from Pa and Ya, respeet~ve y,
have not been observed in the presenee of the 185.7 keV line from 235U.
Their intensities have been determined relative to the intensity of
neighbouring gamma rays from the same isotope using relative intensity
ratios taken from the Nuelear Data Sheets (3). The last eolumn of the
Table gives the aetivities of the two gamma rays expressed in
Table 1: Branching
234IIL ,
.Pa 10
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234Intensities of Major Gamma Rays from Pa
the Energy Region between 130 and 295 keV .
and
Present
Photons/Decay
ND Sheets (3)
Activity
(Photons
/s/g 238U)
234pa 131.3 0.217 (4) a) 0.20
152.7 0.064 (6) 0.067
186.0 0.022 (10) 0.020 0.356
226.4 0.053 (5) 0.059
227.2 0.073 (4) 0.055
248.9 0.034 (6) 0.028
272.2 0.015 ( 15) 0.013
293.7 0.044 ( 12) 0.039
234"1>a 184.7 -5 (10) -5 0.1991.60xl0 1•2xl 0
258.2 -4 (4) -47.65xl0 5.70xl0
a) Error in per cent
photons/sec/g 238U, assuming secular equilibrium for the 238U daughter pro-
ducts. These values have to be compared with the activity value of 4.490 104
h / / 235 8 . 235 h 1 1 .p otons sec g U for the 'I 5.7 keV 11ne from U w en ca cu at1ng
the contribution of the protactinium gamma rays to the gamma-ray inten-
y Pe-ln/" i23l,ml
-- rU-235
'i
~
>;
"
"f lIjl
;1
:i
~
f
Fig. 1:
Activity ratio of 185+1 keV gamma
f 234,234IIL - d 235U 'tt drays rom ~a an eml e
fram low-enriched uranium, assuming
238
secular equilibrium for the U
daughter products.
g
S16'.,;---~~~~~;-~-'-'~~-o!.
w w 00
ElYkhmenl ('W -235)
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sity observed from LWR type fuel at 185 keV. The activity ratio A(Pa)/
A(235U) at 185 keV is plot ted in Fig. 1 as a function of the 235U
enrichment. The diagram shows that the contribution of the protacti-
nium gamma rays becomes negligible for enrichments higher than about
1 %, and that it reaches at most a value of 0.5 % for typical depleted
(0.2 - 0.3 % 235U) materials. The associated bias has thus to be
considered only in high-precision measurements.
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5.1.6 A Microprocessor-Based Plutonium Waste Monitor
with Internal Matrix Attenuation Correction
+ +P. Matussek, P.P. Chakraborty , R.M. Iyer
A new plutonium-waste monitor has been developped in the frame of
the lndo-German collaboration program. The instrument employs passive
gamma spectroscopy using a 5"x2" NaI(TL) detector. The development was
based on the experience made with an earlier Pu waste monitor (1) which
relates the net countrate in two energy windows around 208 keV and 382
. 241 239 . h .keV d1rectly to the Pu and Pu content 1n t e waste conta1ners.
This method however could not account for gamma absorption due to matrix
materials in the sampIes.
The new method uses three windows on the three complexes at 100
keV, 200 keV and 400 keV that are observed in the Pu gamma spectrum
using a NaI detector. The total Pu content is determined from these
three complexes by:
Pu.
1
A.. peak. + B." background. + C.,
1- 1 1- 1- 1
i = 100,200,400
where Pu. are the Pu contents arrived at using the three peak regions
1
and A., B., C. are constants obtained fram calibration with a set of1 1 1
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standards. Peak. and background. are the counts in the respective peak
1 1
and Compton background windows. In the absence of matrix attenuation
the three Pu. values should be the same within statistical uncer-
1
tainty.
In case of matrix attenuation the observed Pu. contents differ
1
depending on the type and thickness of the gamma absorbing medium as
the attenuation cross section increases with decreasing gamma energy
for almost all absorbers. If Pu is the actual plutonium content then
the Pu. values obtained from the three regions are related to it by:
1
Pu. = Pu ' exp(-lJ.(Z)·T),
1 1
i = 100,200,400
where T is the effective absorber thickness and the lJ.(Z) are the
1
absorption coefficients of the attenuating material Z at the three
energies.
It can be shown that the material index number
Q(Z) =
is characteristic for the absorbing medium and can be used for the
identification of the attenuating material. The value of this parameter
ranges from zero for no absorption to 0.19 for aluminium and 0.81 for
lead. Once the medium is identified, the effective thickness can be
calculated using the three Pu. results and the true plutonium content
1
can be derived.
Implementation of the above method in an actual measurement system,
giving direct printout of the Pu coritent after attenuation correction
is achieved by using an INTEL 8085 microprocessor. The system consists
of a multichannel analyzer for recording the gamma spectrum from the
sampie. The counts in the three energy regions and the three correspond-
ing background regions are accumulated in six 32 bit wide counters of
the microprocessor system. Real time and life time clocks for dead-time
correction are also implemented. The data acquisition is controlled by the
start/stop switches of the analyzer and the processing of the da ta starts
automatically after recognition of the end of the acquisition signal.
The microprocessor calculates the uncorrected Pu. contents from
1
the three energy regions and tests whether the three values are identical
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within the error limits given by the counting statistics (using a chi-
squared test) and the calibration-constant uncertainties. The three Pu.
1
values and their weighted mean value are printed out. If absorption
within the sampie is recognized the absorber material and its effective
thickness are calculated according to the procedure described above and
printed out together with the corrected Pu result. For cases of very
strong absorption so as to cut the 100 keV signal completely or if gamma
radiating contaminants are present in the sampie the microprocessor will
give an error printout.
The calibration constants and the attenuation coefficients are
transferred to the computer via teletype and stored in a special battery-
buffered memory. Thus power down events will not destroy the constants
necessary for the calculation. At present the attenuation coefficients
of four representative absorber materials (Perspex, Al, Fe and Pb) are
stored in the microprocessor memory. In principle a larger number of
media can be.considered, but the four selected here should give a
reasonable estimate for absorbers present in waste containers.
The upgraded version of the Pu waste monitor is in operation at
the Bhabha Atomic Research Centre, Bombay, India, since January 1980.
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NUCLEAR METHODS APPLIED TO TRACE ELEMENT
ANALYSIS AND CRYSTAL PHYSICS
The Karlsruhe Proton Microbeam System*
D. Heck
Proton, deuteron or He-ion beams with energies up to 3.5 MeV are
used to excite secondary radiations in target surfaces. Beam spot
sizes down to ~3 ~m are genera ted by reduced imaging of two crossed
narrow collimator slits onto the target by means of a magnetic quadru-
pole doublet. Adefleetion system with electric fields enables the
scanning of the target surfaces. For multi-elemental analysis proton
induced X-rays enable the detection of trace elements with Z ~ 13,
while for the identification of light elements the emission of charged
particles or gamma rays produced in nuclear reactions may be used. The
application is demonstrated at an example.
*Beitr. elektronenmikroskop. Direktabb. Oberfl. 12/1 (1979) 259
5.2.2 b .. h 12 () .Car on Detect10n v1a t e C d,p React10n
with the Microbeam
H. BIetzer and D. Heck
For analysis of carbon the 12C(d,p ) reaction is known to be weIl
. 0
suited with high sensitivity (1,2). The carbon concentration is deter-
mined by the number of protons generated in the (d,p ) reaction and
o
registered in a surface barrier detector. In Dur equipment we use a
450 mm2 detector at 4.4 cm distance from the target in 130 0 position.
It is covered with 15 ~m aluminium foil to stop the scattered deuterons.
By suitable choice of the deuteron energy (Ed = 1.44 MeV), the protons
emitted from the interior of the sampIe can energeticallY be discrimi-
nated against those emitted from 12C(d,p ) at the surface and also
o
from those emitted in the 160 (d,p) reaction. To ensure that no inter-
ference fram carbon surface contamination takes place, the sampies are
embedded in Wood's metal instead of epoxy resin. A cold trap inside the
target chamber surrounding the sampIe keeps the partial pressure of
carbon hydrates aS low as possible.
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Fig. 1: Carbon detection with 12C(d,p) reaction at Ed = 1.44 MeV.
In fig. 1 the dependence from the depth within a steel sample is
shown for a) the deuteron energy and stopping power; b) the proton
energy resulting from kinematics (130°) (ref. 3) without and with
slowing down of the protons along the path through. the sample towards
the detector; c) the reaction cross section; cl) a concentration pro-
file, assuming contamination of the surface; e) the resulting pulse
height spectrum, which is a folding of c) and d).
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The two hatched areas in fig. 1 e indicate the proton groups
coming from the interior of the target (1) and the target surface
(2) .
In a demonstration example an electron beam welded connection
•
between two sheets (0.35 mm thick) of stainless steel has been
analyzed for carbon concentrations. The topography of the cross
section of the welding is shown in fig. 2, where the carbon concen-
carbon
concen-
tration
%
0.2
0.1
o
Fig. 2: Distribution of carbon across a welding connection of two
stainless steel sheets.
tration (according to area 1 of fig. le) is plotted as a function of position.
The middle part with a homogeneous concentration of rvO.05 % represents the
welding zone, from which the two sheets extend in + y direction. The low
carbon concentration in the region adjacent in x-direction represents
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the embedding Wood's metal, while the high carbon concentration in negative
x-direction results from a contamination with diamond powder used in the
polishing procedure. Some high concentration spikes in the welding
zone result from small diamond grains, pressed into the sampie surface,
which can be examined by visual inspection in a light microscope.
The distribution of protons from area 2, representing the carbon
distribution at the surface, is shown in fig. 3. In comparison with
fig. 2 the low carbon concentration on the steel surface is in contrast
with the higher and irregular carbon contamination on the Wood's
metal surface.
carbon
concen-
trat Ion
J
Fig. 3: Distribution of carbon on the surface of the sampie of
fig. 2.
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In conclusion this demonstration sampIe shows, that with reasonable
measuring times (10 sec/point) a sensitive carbon analysis can be per-
formed with the (d,p ) reaction with good discrimination capabilities
o
against carbon surface contamination; interference with other (d,p)
reactions is minimized by suitable choice of the deuteron energy.
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5.2.3 The Influence of Secondary Fluorescence from
Elements Adjacent to the Microbeam Spot on
Local Concentration Determination with PIXE*
D. Heck
In position dependent PIXE analyses with microbeams secondary fluo-
rescence may induce X-ray emission fram elements in the micrometer-range
vicinity of the beam focus spot. To study this effect in a simplified
geometry, Cu/Au layer targets have been prepared. This material combina-
tion enables iterative electroplating for easy preparation of varying
layer thickness with plane borders between the two materials and gives
simultaneously sufficient secondary fluorescence. The proton beam spot
of dimensions 6 ~m x 0.75 ~m is swept across the polished end face of
the layer sandwich and the Cu and Au X-ray intensities are measured as
a function of the distance x from the Cu-layer and of the proton energy
E . For proton energies between 1 and 3 MeV the decrease of the copperp
K X-ray intensity outside the Cu-layer may be described by an exponential
a
function
I = I • c • E • exp (-a 'x)
o -l P -1
with a 0.255 ~m and c = 0.0272 MeV .
*to be published 1n Nucl. Instr. Meth.
5.2.4
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I 1 . f 111mp antat10n 0 In
Type Lattices for PAC
Ions in Diamond
Studies
A 1+ d' + h' +H. ppe ,J. Rau 1es , W.-G. T 1es , B. Feurer,
and A. Hanser
Electric hyperfine interaction is helpful in perhaps a unique way
in determining the lattice sites taken up by implants in diamond. The
quadrupole moment of a nucleus interacts with an inhomogeneous electric
field in a low symmetry site of the crystal. Both the size and the
symmetry axis of this electric field gradient (EFG) can be determined
using the time dependent perturbed angular correlation technique (TDPAC).
Doping of diamonds can in general not be achieved·by the commonly
used technique of diffusion. The only way to embed foreign atoms into
diamond is, as yet, by means of ion implantation.
lll In ions were implanted in <100> cleaved, type Ila diamonds. The
radioisotope was produced via the 109Ag (a,2n)III In reaction at the
Karlsruhe Isochronous Cyclotron. The implantations were carried out at
the Karlsruhe electromagnetic isotope separator with an acceleration
voltage of 60 kV. During the implantation the temperature of the diamond
was 600·C. The total dose is estimated to approximately 3'1013 ions
-2
cm The implanted samples were annealed for 30 min at 1350 + 50·C
-6 -
in an evacuated quartz ampoule at $ 10 Torr. The measurements were
carried out at room temperature.
The observed angular correlation can be parametrized as follows
(see, e.g. Alder et a1. (0):
3 2
R(t) = a + I e-(nöt) /2 a cos(nw t)
o n 0
n=1
The time independent rate a and the relative amplitudes a of the
o n
three frequencies depend on the orientation of the EFG axis with
respect to the y-ray detectors. They can be calculated. The damping
factor ö takes into account that the field gradient is in general not
sharp. It is assumed to be smeared out following approximately a
Gaussian distribution.
Data were taken for four different orientations of the sample with
respect to the Yl-detector as shown in fig. 1. The solid lines are
R(t)
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Fig. 1: R(t) measured for four different orientations of the sample
with respect to the detector axes. The solid line is a fit
according to Eq. (1) assuming axial symmetry of the field
gradients along <111> directions.
computed fits according to Eq. (1) with fixed relative amplitudes for
the a characteristic for each geometry. The best fit is achieved if one
n
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assumes a syrnmetry axis of the EFG al6ng the <111> direction of the
crystal.
We conclude from the results that only a small fraction of
5 3 0 3 % f h . I dIll . . I . .. + • • 0 t e 1mp ante In 10ns occupy un1que att1ce s1tes
along <111> directions where they experience an EFG of 6 x 1017 V cm-2,
corresponding to a quadrupole frequency VQ = (117.8 ~ 0.6) x 106 s-l
A large fraction of the ions has obviously gone to a variety of
interstitial sites, where they experience a broad spectrum of field
gradients. Their contribution to the modulation pattern is smeared
out towards a constant background.
The experiment is still in progress and further studies are
planned in particular to explore the temperature dependence of the
EFG in diamond.
Reference
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TECHNICAL DEVELOPMENT
CYCLOTRONS
Operation Summary of the Karlsruhe
Isochronous Cyclotron
F. Schulz and H. Schweickert
During the' period of publication of this report the machine has
been in full operation (see Table 1). The total available beam time
for experiments of 7203 h for this year is practically the same number
as for last year (1). This number could only be achieved by reducing
the time devoted for testing new components and beam development
because we needed, as reported last year, a planned shut down of 3
CYCLOTRON OPEAATIONAL WITH INTERNAL WITH EXTERNAL TOTAL
ION SOURCES ION SOURCES
FOR EXPERIMENTS 5865H 80.5% 784 H' 83.6% 6649H 80.8%
BEAM DEVELOPMENT,
TESTING NEW COMPONENTS,
DEVELOPMENTS FOR ISOTOPE
PAODUCTION 534 H 7.3% 20 H 2.1 % 554 H 6.7%
TOTAL TIME OF OPERATION 6399H 87.8% 804H 85.7% 7203H 87.5%
WITH THE BEAM ON TARGETS
SCHEDULED SHUT-DOWN FOR
MAINTENANCE, REPAIA AND 306 H 4.2% 11 H 1.2% 317 H 3.9%
INSTALLATION
UNSCHEDULED SHUT-DOWN 582 H 8.0% 123 H 13.1 % 705 H 8.6%
TOTAL SHIFT TIME 7287 H 100% 938H 100% 8225H" 100%
POLARIZED DEUTERONS 202 H
'Li"-ION (156 MeV) 582 H
THE REAL TIME OF 8784 H IS ACHIEVED BY ADDING A TOTAL OF 9 DAYS SHUT DOWNS
23.12.90-2.1.80; 14 DAYS IN JANUARYIFEBRUAAY 80
Table 1: Statistics of the cyclotron from July 1979 to June 1980.
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MATERIAL RESEARCH 2,6% ------..,
NUCLEAR MEDICINE 3,1% -----__.
NUCLEAR SPECTROSCOPY
ENGINEERING 9,7 %--,
SOLID STATE PHYSICS 21,6%
KFK-KARLSRUHE USERS
NUCLEAR CHEMISTRY 2,0 %
NEUTRON PHYSICS 32,6 %
"'---- NUCLEAR REACTIONS 24.4%
INSTITUT FÜR KERNPHYSIK
! INSTITUT FÜR ANGEWANDTE KERNPHYSIK
INSTITUT FÜR TECHNISCHE PHYSIK
LABOR FÜR ISOTOPENTECHNIK
INSTITUT FÜR RADIOCHEMIE
INSTITUT FÜR HEISSE CHEMIE
TECHNOLOGIE TRANSFER
EXTERNAL USERS
MAX PLANCK INSTITUT FÜR KERNPHYSIK HEIDELBERG
FREIE UNIVERSITÄT BERUN
UNIVERSITÄT MÜNSTER
UNIVERSITÄT ERLANGEN
UNIVERSITÄT ULM
UNIVERSITÄT STUTIGART
TECHNISCHE UNIVERSITÄT MÜNCHEN
TECHNISCHE HOCHSCHULE DARMSTADT
KERNFORSCHUNGSANLAGE JÜUCH
UNIVERSITÄT BONN
UNIVERSITÄT KONSTANZ
DEUTSCHES KREBSFORSCHUNGS2ENTRUM HEIDELBERG
UNIVERSITÄT HAMBURG
UNIVERSITÄT MAINZ
UNIVERSITÄT LEIDEN
COMMERCIAL IODINE-123 PRODUCTION
2211 h
1400h
22h
17 h
15 h
9h
--2..h
3682h
600 h
546h
516 h
468 h
178 h
140 h
128 h
59 h
48 h
32 h
27 h
16 h
8 h
4h
--A..!l
2774 h
192 h
6648h
33,3%
21,2%
0,3%
0,2%
0,2%
0,1%
0,1 %
55,4%
9,1 %
8,2%
7,7%
7,0%
2,7%
2,1 %
',9%
0,9%
0,7%
0,5%
0,4%
0,2 %
0,' %
0,1 %
---.iU'!o
41,7%
2,9%
100%
Table 2: User statistics from July 1979 to June 1980 and the distribu-
tion of the 6648 h experimental time on the different fields
of activity.
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weeks in order to exchange too heavily corroded inner conductors of our
dee system (see fig. 1). Meanwhile the replacement program for the
cyclotron cooling plant and the exhaust system has also been completed.
The user statistics shows, that about 60 % of the beam time is
devoted to three institutes of the Karlsruhe research center, the
other 40 % being allocated to a large number of groups, mainly from
different universities. The pie-diagram shows that the main activi-
ties are in the fields of neutron-physics, nuclear reactions and solid
state physics. The highest growth rates have been found for both
engineering (activation of engine parts) and isotope production (1).
Fig. 1: Pictures taken during the shut down from 22.1.80 to
8.2.80. The inner aluminium conductors of the dee
system were replaced by copper plates. The soldering
of the cooling vanes on to these plates as weil as
the complete installation was performed by our
operators.
Reference
(1) F. Schulz and H. Schweickert, Report KfK 2868 (1979) 86
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New Developments at the Cyclotron
H. Schweickert
As shown in the preceding contribution there is a high demand
of beam time for applications, which are commercial in nature. On the
other hand, because of some special facilities (large neutron time of
flight spectrometer, 6Li3+-ions and polarized deuterons) we found also
an increasing interest in the machine for basic nuclear physics experi-
ments and we are in the process of expanding the equipment which specially
serves basic nuclear physics experiments (see fig. 1), with:
A new experimental area for neutron physics with polarized
neutrons. The charged particle beam is bent behind the neutron
producing target to a beam dump in order to measure the neutrons
in forward direction. This arrangement is planned to be operating
at the end of 1980.
The building-up of an ECR-source to accelerate all the light ions
at least up to oxygen to energies of 26 MeV/nucleon (see contribu-
tion 6.1.6).
In order to exploit these new ion beams efficiently a small
spectrometer is being built, which will be available in 1981
(see contributions 6.2).
When these new possibilities are fully available we expect running
into serious problems with the availability of beam time, which is Why
we have bought a so called "compact cyclotron". This machine will take
over all the industrial applications in mid-1982.
The compact cyclotron will be a cp-42 from the Cyclotron Cor-
poration (TCC). There have been two main reasons for choosing such a
machine:
1. The possibility of a high external beam current (200 ~A gua-
ranteed) by stripping extraction of H-.
2. The possibility of extracting two beams simultaneously.
The machine will be operated from the same control room and by the
same operators in parallel to the "old" machine (see contribution
6.1.5).
<,'\ ~
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Fig. 1: Plan view of the Karlsruhe facility showing the developments in the next two years.
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Status of the Computer Diagnostics and
Control for the Karlsruhe Cyclotron
H. Heinzmann, W. Kappel, W. Kneis, B. Kögel,
+G. Leinweber, and J. Möllenbeck
The dual computer system (1) for diagnostics and control of the
cyclotron now consists of two NOVA 3/12s from DATA General with
256 k-Bytes memory. The second NOVA 3 replaces the NOVA 2/10 of the
former system. This replacement has increased the reliability of the
whole system because we now have two identical computers.
The diagnostic system CICERO (2) consists of many programs
written in the programming language BASIC. This language is in use
for reorganisation and modification of existing programs only. For
development of new programs the language FORTRAN is used.
To simulate the attitude of an ion-beam within a beam-guiding
system some new programs have been developed, which can now be used
during beam set up (3).
The unreliable power supplies for the correction coils have
been replaced by new ones which are controlled by the computer via
CAMAC (3). To control these power supplies a program has been developed,
which can now control, via a special control panel, the following para-
meters:
- surn currents
- first harmonics in magnitude and angle keeping the sum currents
stable.
In addition the computer can now:'
- control the temperature of a given coil by measuring its
impedance
- recall a former set of parameters making the change over
from one particle to another much faster.
We are now on the way to writing programs for the optimization of the
phase his tory and the extraction rate as a function of correction coil
current.
For the activation of machine parts a program has been developed,
which supervises the whole process including beam current and posi-
tion. Figure 1 shows a typical display picture for the operators.
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Fig. 1: Display picture during the process of activation of engine
parts. Region 1 shows the last result of the calibration
of the capacitive beam current probe (updated every 10 min).
Region 2 gives actual and desired beam current integral
in ~Ah. Region 3 displays the actual position of the beam
in front of the target. The left number gives the position
relative to the axis in mm, the right number the full width
half maximum in mm. Region 4 informs the operators about
the beam current.
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Computer Controlled Beam Diagnostics and
Beam Optimization at the Karlsruhe
Isochronous Cyclotron*
W. Kneis
The computer-controlled diagnostic- and monitoring-system at
the Karlsruhe Isochronous Cyclotron is described and discussed. The
main emphasis is on the automatie beam optimization.
For the external beam guiding system of the Karlsruhe Isochronous
Cyclotron two independent procedures for the automatie beam optimiza-
tion were developed. As basis for these procedures the theoretical
knowledge from beam transport calculations and the methods of mathe-
matical parameter optimization with many variables were used. It is
very easy to apply both procedures to other external beam guiding
systems. The methods of parameter optimization used are formulated
in a way not specific to the problem, so that they can be applied
also to other problems like optimization of the extraction. The auto-
matie optimization of the external beam can be performed either by
using beam transport calculations (theoretical optimization) or by
using the particle beam itself (experimental optimization).
*Report KfK 2835 (1979)
6.1.5 Lay-Out of the Computer Control for
the CP-42 Compact Cyclotron
J. Bialy, H. Heinzmann, W. Kneis, B. Kögel,
J. Peters
The CP-42 will be operated from the same control room and by the
same operators as the "old" Karlsruhe Isochronous Cyclotron. The CP-42
will be delivered with a control system consisting of a LSI11 and an
unibus extension system. In order to be compatible as far as possible
with the "old" machine, which has in fact a rather modern control
system, we have decided to use "CAMAC" for the beam guiding system and
the beam diagnostics. Ta combine both systems, the following hardware
configurations for the computer system were chosen:
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The computer system consists of two identical NOVA 4-Computers from
DATA GENERAL with identical peripherals, part of which is used by
both CPUs (Fig. 1).
19 B
DIS
10 MB
TTY
10MB
N
~
u
SERIAL CAMAC
LOOP
UNIBUS EXTEN N
(CYCLOTRON COR
Fig. 1: Control system of the Compact Cyclotron.
The control consoles may be connected to both computers, but only alter-
natively.
The parameter handling of the Compact Cyclotron is performed with a
LSI11 delivered by the Cyclotron Corporation. LSI11 and NOVA4 are
coupled via a mailbox memory in a Camac crate. Parameters of the Exter-
nal Beam Guiding System are controlled via aSerial Camac Loop. In
future this Serial Camac Loop shall be controlled by a second LSI11
in the System Crate.
The Compact Cyclotron is operated from an operator's console (Fig. 2).
There are no control knobs as for the present machine, but only touch-
panel controls.
Fig. 2:
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Lay-out of the operator's console.
The software configuration consists mainly of an Operating System (OS).
The task of the Operating System is to supervise, to control and to
perform beam diagnosties. All alarms, parameters and proeess eonditions
will be reported to the OS. The supervision will be implemented as a
two-Ievel-supervision. On the first level a message is given to the
operator if specified limits are violated. On the seeond level the com-
puter automatically starts an adjustment program to eorreet the parameters
out of range. If this does not sueceed the operator is informed. The start
of the adjustment program is also announced to the operator.
The Compaet Cyclotron will be eontrolled exclusively by the Operating
System. There is no separate manual eontrol. Manual eontro~ is done by
ehanging the operating conditions with series of single actions whieh
means eaeh switeh, valve ete. must be attaehable from the Operating System.
Automatic Control means to eombine these single actions to so-ealled
proeedures. Examples of such proeedures are turning on the vaeuum system or
aetivating the HF system. The eoupling of these procedures yields auto-
matie proeedures sueh as setting the eyelotron in the operating state ete.
The status of this project is as foliows: The whole hardware has
been delivered in June 1980 and will be put together by the end of 1980.
A first version of the operating system is expeeted to be available at
the end of 1981.
6.1.6
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HISKA Status Report
V. Bechtold, H.P. Ehret, L. Friedrich,
H. Schweickert, L. Wiss, P. Ziegler
A preliminary design of the ECR type ion source for fully
stripped light ions has been described in (1). The main components
of this source have been ordered. For the second stage the two su-
perconducting coils and the 7.5 GHz/5 kW transmitter will be delivered
at the end of this year. The permanent hexapole is under construction.
The first stage 14.5 GHz/l kW transmitter is used for ECR experiments.
So it will be possible to assemble the source in 1981 if the building
for all external ion sources of the cyclotron will be ready.
0.3 T
W rad.mal<.
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l---10crn---i
2 3 4 !}im
Fig. 1:
The calculated cross-sections
of the 7.5 GHz and 14.5 GHz
ECR-surfaces in the midplane
of the permanent hexapole
magnet and measurements of the
radial dependence of the mag-
netic field are shown. Be-
cause of the high transparency
of the hexapole magnet the
~ield strength is no more con-
stant on a certain radius but
covers the range between
B rad max and B tg. max.
. 7+ b 1To demonstrate accelerat10n of N y the Kar sruhe cyclotron
earlier and to have a test facility the small source p-HISKA (2) was
completed. First experiments were started, operating the 2nd stage
with the 14.5 GHz transmitter (corresponding magnetic field 5.2 kG).
In this case the ECR-surface is not closed inside the hexapole as it
is for the 7.5 GHz resonance (corresponding magnet field 2.6 kG), fig. 1.
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An ECR-source using the high magnetic field inside the central
bore of an axially magnetized disk of SmCo5 has been developed (fig. 2).
.,
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10"
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Fig. 2:
The longitudinal cross section of
the first stage shows a ringmagnet
with a central bore of 10 mm. In
the middle of this bore an ECR
plasma is produced by 14.5 GHz
microwaves, which are guided into
by boron-nitride. The electron
density nfcm3 was measured along
the middle axis. In the ECR zone
.the cutoff density is achieved.
-- - -::-":""'" :'.
Fig. 3:
HISKA, present state of design.
The first stage consist of a ring
magnet made of SmCo5 and a differ-
ential pumping system. The second
stage is built-up with .two super-
conducting coils and a 70 cm long
permanent hexapole inserted into the
vacuum chamber. The source is pumped
with special diffusion pumps and can
be operated at 10 kV.
This first stage and a shorter hexapole magnet of only 70 cm length
enables a more compact design of the ion source HISKA (fig. 3). No
more wa'ter cooled coils are used and pumping is done by special diffu-
sion pumps with negligeable oil backstreaming.
References
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(2) V. Bechtold et al., KfK Report 2868 p. 94 (1979)
6. 1 • 7
-98-
E.C.R. Ion Source for Multiply Charged
Oxygen Beams*
V. Bechtold,
+B. Jacquot ,
+N. Chang-Tung ,
++Y. Jongen
+ +S. Dousson , R. GeIler,
A miniaturized two stage ECR ion source (calIed Micromafios) is
described. The ion source is based on the principle of the Electron
Cyclotron Resonance (E.C.R.) and delivers completely stripped oxygen
ions. This source is a small scale Supermafios (1). The hexapole
of 30 cm in length is made up of permanent samarium cobalt magnets.
100 nA fully stripped oxygen ions could be extracted at 7 keV.
Reference
(1) R. GeIler, I.E.E.E. Trans. Nucl. Sei., N.S.26, No. 3 (1979) p. 2120
*Nucl. lnstr. Meth., in print
+ I ~ • ()Centre d Etudes Nuclea1res, Grenoble France
++. . ~ . . ()Un1vers1te Catho11que, Louva1n la Neuve Belgium
6.1.8 Status of 81 Rb Production at the Karlsruhe
Cyclotron
+N. Kernert , T.W. Peters, S.A. Sheikh, and H. Schweickert
81 81m..Several nuclear physics laboratories have developed Rb- Kr
generator systems over the last few years due co the growing interest
in 81~r for nuclear medicine, especially lung ventitation studies
(1-3). This is principally because its ,y-transition energy of 190.3 keV
is well-suited for most medical cameras and collimators, and also
because its short half life of 13 s enables the use of high activities
(hence high count rates) while at the same time minimising the patient-
radiation dose. Additionally there is the possibility of continuous use
of the generator as the time between total elution of 81~r and growth
of maximum activity in the generator is only 2.28 min.
At the Karlsruhe
nat (. ) 81 .Kr d,xn Rb uS1ng
After irradiation the
81Cyclotron Rb is produced via the reaction
the Kr-gas target described by N. Kernert (5).
target is rinsed with distilled water to extract
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the Rb-isotope activities condensed on the inner walls during irradiation.
By this procedure more than 90 % of the 81 Rb produced can be extracted
(4). This distilled water containing the Rb-isotope activities is then
purged through the required number of cation-exchanger generators simul-
taneously, which retain all the activities. At present there is provision
for the simultaneous loading of upto six generators per irradiation. Fig.
shows the flow diagram of the whole production process .
.....-
.......
-......- V2' .... Fig. 1:
Flow diagram of the 81Rb_81~r
generator production process
-
-
V1-V12 Valves
V1R-V3R regulation valves
Pl-p2 pumps
V2. I G1-G4 generator columnsVI
F1-F4 flow meters
P2
The cation-exchange material, the generator and shielding/container have
all been carefully chosen. The best results have been obtained with a
commercially available system - MINITEC, produced by Squibb & Sons,
Munich - originally designed for use with 99~c. The ~ation-exchange
material is Dowex 50 W x 80 (200-400 mesh) , which is densely packed in a
plastic generator column (fig. 2).
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Fig. 2: Photo of the exchange column and the shielding container.
The Dowex layer itself is about 20 mm high and has been found
to absorb about 99 % of the Rb activities for flow rates of upto
25 ml/min. While in use the generator column is placed upright in
the lead container as shown in fig. 2. The connections to and from
the generator for the loading and elution of 81 Rb and 81~r, respec-
tively, are normal medical infusion needles to ensure compatibility
and easy handling during routine clinical use.
The elution of the 81~r from the decay of 81 Rb in the generator
column is simply carried out by blowing normal humidified air through
it. The optimum pressure is of the order of a few hundred millibars.
Before the start of routine production of 81 Rb medical tests have
as yet to be carried along with the completion of the automatic production
system.
References
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6.1.9 Status of the Iodine-123 Production
at the Karlsruhe Isochronous Cyclotron
K.H. Assmus, W. Maier, F. Schulz, H. Schweickert
During the period of report the production of iodine-123 via
the (p,2n)-reaction (1) has been used routinely to prepare 411
batches with a total of 20.3 Ci of iodine-123 for application at
7 hospitals:
Nuklearmedizin. Abtl. der Universitätsklinik Freiburg
Deutsches Krebsforschungszentrum Heidelberg, Nuklearmed.
Institut
Nuklearmedizin. Abtl. der Universitätsklinik Homburg/Saar
St. Vincentius-Krankenhäuser Karlsruhe
Institut für Nuklearmedizin der Universität Köln
Nuklearmedizin. Klinik der Techn. Universität München
Städtische Krankenhäuser Saarbrücken
Following wishes of the hospitals the production fre-
quency has now been increased to three times a week (Tuesday,
Wednesday, Thursday always from 0.00 to 3.00 a.m.). Again the pro-
duction could be performed with a high reliability as only 3.2 %
of the scheduled deliveries were not in time.
The main improvement in the production process was in May 1980
when a new hot cello arrangement was put in operation (Fig. 1). This
led to a drastic reduction in the dose of our operators for this
production process to below 0.5 mrem and because of the automated
mode of procedure to a higher reproducibility in the extraction
process.
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Fig. 1: New hot cell arrangement for the iodone-123 production.
Upper row left side: General view of the arrangement. The irra-
dia ted targets are transferred via a target railway to the left
cell where they are dismounted by a special handling equipment.
Subsequently only the Te02 inside the platinum backing is
transferred to the right cell where the extraction and
distribution process is performed.
Upper row right side: Details of the special handling equipment
inside the first cello
Lower row left side: Quartz glass apparatus and oven to heat
the 124Te02 inside the right cello
Lower row right side: Details of the microprocessor controlled
distribution, packing and measuring equipments inside the right
cello
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6.1.10 Thin-Layer Activation Technique for
Wear Measurements in Mechanical
Engineering
R. Blank, E. Bollmann, R. Dressen, P. Fehsenfeid,
B. Gegenheimer, P. Herrmann, A. Kleinrahm, H. Roth,
H. Schöllhammer, and B. Schüssler
The cyclotron was used in the last year during 850 hours for thin-
layer activation of engine parts. 67 % of them concern orders from
the engineering industry, 19 % the development of the thin-layer.
activation technique proper, and 14 % the demands of the motor test
test stands installed at the KfK LIT laboratory. The number of activa-
tions increased by 38 % over the number attained in the preceding year.
More effective activation methods and the improvements of the technical
equipment have reduced by 30 % the mean value of cyclotron operation
time per activation as compared with 1978.
Development of technique and methods
The thin-layer activation technique has been adapted extensively to
the more effective activation by protons. Proton activation has become
the standard method. The advantages of this method are the higher yield
of measured radionuclides, especially for ferrous materials, and reduced
production of disturbing isotopes as compared with activation by deuterons
or alpha-particles.
The technical activation equipment has been extended in order to
improve the reliability and precision of irradiation and to minimize the
radiation burden for the operation crew. In this way, several supplemen-
tary tools have been provided for quick and precise adjustment of the
target, which often is more than 100 kg in weight. The adjusting and
aiming device has been supplemented by television cameras to a remotely
controlled apparatus. The cyclic system for controlling the beam posi-
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tion and beam current during the irradiation of machine parts. was put
into operation stepwise and will soon be completed.
The failure rate of activations has been reduced to less than 3 %.
The radiation burden for the operating crew has been halved.
In order to gain flexibility and effectiveness in the use of
cyclotron operation time we designed an extension of the equipment
for the activation of preadjusted engine parts in series. Vital com-
ponents of this additional device were tested. The first stage for
serial irradiation of two targets will be operable at the end of
this year. The cyclotron operation time per activated engine part will
be reduced by two hours as the result of this improvement.
Efforts and investments for the extensions of activation
equipment seemed to be justified, considering a total loss of
DM 40.000,-- to 50.000,-- for one activation failure.
The technique and methods of thin-layer activation have been
adapted to the actual problems of the engineering industry, which,
at present, is engaged in developing a new generation of more
economical combustion engines and turbines. Thus, activations have been
performed for new parts such as valve seats and valve stern guides
inside the cylinder head, piston rings, piston ring grooves, and cy-
linder liners, and for new materials such as alloys of Ni, Cr, Co, Ti,
Al, Si, Mo, W, and high-grade alloy steel.
Measurement of basic technical data
Research related to basic technical da ta in activation, i.e. especially
measurements of the yield and activity depth distributions of irra-
diated technical materials, is required for the lay-out of the thin-
layer activations.
The applicationin industry of new materials, usually complicated
alloys, and the already.mentioned change-over to proton activation
as the standard method made it necessary to perform a lot of such meas-
urements of basic technical data during the last year. In order to
improve the transformation of the engineering problem into proper irra-
diation parameters, a suitable gamma spectrometer device was installed.
The equipment for the measurement of basic da ta is also used for
routine quality control of thickness and specific activity of the
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active layer On the engine part. The uniformity and correct position
of the activated zone on the target are controlled by autoradio-,
graphical methods.
Investigations of technical materials
The requirements of the users for thinner active layers and the applica-
tion of new materials in modern engineering made it necessary to in-
vestigate the effects of charged particle irradiation upon material
wear behaviour. In first measurements, hardness tests (by Vickers-
and Rockwell-B-procedures according to the DIN-regulations) were per-
formed over the depth range of activity on a common grey cast iron and
a special alloy steel (G-X165 er v 12). The material specimens were
irradiated to more than five times the usual activity. All measure-
ments were carried out with unirradiated material as the reference.
Within an accuracy of 1 %, the measurements have shown no effects of
irradiation on these materials. The program for systematic investiga-
tions of irradiation effects on wear behaviour will run over the
next years.
-106-
6.2 MAGNETIC SPECTROGRAPH
6.2. 1 The Magnetic Spectrograph "Little John" and
the Modified Experimental Area for Nuclear
Reaction Studies at the Karlsruhe Isochronous
Cyclotron
H.J. Gils, J.
Ch. Rämer, G.
Buschmann, S. Zagromski, H. Rebel,
. d . +Bauer, K. Fe1ßt, an J. Kr1sch
-45'10 for a11
(3)
(4)
For nuclear reaction studies with charged particles a magnetic
spectrograph in principle has advantages compared to semiconductor
detectors and extends the number of possible experiments at a given
accelerator considerably. In view of the "light" heavy ions expected
by the ECR-ion source HISKA (see contribution 6.1.5) in near future,
but also for improving the experimental possibilities with light ions
it was decided to built up a small magnetic spectrograph at the Karls-
ruhe Isochronous Cyclotron. The spectrograph should fulfill the
following requirements:
(1) Improvement of the energy resolution up to dE/E
partieIes (2.E;; A ~ 20)
(2) Considerable improvement of the peak to background ratio in
particular for forward angle measurements
Good mass aud charge number resolution up to A = 20
Spectroscopy of high energy light ions (p,d,t) up to AE/Z 2 = 300 MeV
Since the spectrograph should come into operation as soon as possible
it seemed reasonable not to try to obtain a new building for it but to
place it into the existing experimental hall. The restricted place
there and also the restricted funds for the project led to a special
design (see contribution 6.2.2). In the first stage of operation the
spectrograph will consist of two quadrupole magnets, one 60 0 deflecting
dipole magnet and one sextupole magnet. In a later stage a second sextu-
pole should be added for correction of spherical aberrations. The main
mechanical and electrical parameters of the QQDS-system are compiled
in table 1.
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Table 1: Parameters of the magnetic spectrograph "Little John".
Magnetic configuration
Main orbit radius (m)
Deflection angle (degree)
Total weight (t)
Total system length (m)
Focal plane length (m)
Max. magnetic dipole field
Max. power (kW)
Angular range (degree)
QQDS
1.5
60
25
8
0.4
(kG) 16.8
70
90
The magnetic units, vacuum chambers and some equipment will be
mounted on a support movable by 93° around the target position with
a high precision of stability of the entrance optical axis (laboratory
scattering angles -3 to +90°).
"-
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J
=
Fig. 1: Experimental area for charged particle nuclear reaction studies
at the cyclotron including the magnetic spectrograph "Little John".
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In order to install the spectrograph and its 7.5 m radius angular
area at the monochromized beam in the experimental hall of the Karls-
ruhe Isochronous Cyclotron a complete rearrangement of the beam lines
is necessary as shown in fig. 1. The new beam line for nuclear reaction
studies (111) (which is being built up) includes a 5.5 0 deflection
magnet, the monochromator magnet, a crossing-point with beam-line IV
and an additional switching magnet feeding either the spectrograph, the
large scattering chamber or a measuring place for)r-spectrosopy and
coincidence measurements.
+Hauptabteilung Ingenieurtechnik
6.2.2 Ion Optical Design of the Magnetic
Spectrograph "Little John"
H. J. Gils
The ion optical and magnetic requirements for the planned magnetic
spectrograph "Little John" have been specified on the basis of the
physical motivations compiled in the preceeding contribution (6.2.1).
The final design goals shown in table 1 consider also Some precondi-
tions as e.g. the given energy resolution of the beam monochromator
magnet.
Table 1: Requirements to be fulfilled by the planned magnetic
spectrograph.
Mass energy-pro~uct
Solid angle (msr)
First order momentum resolution p/~p
Momentum acceptance (%)-
Kinematical parameter k
max
Focal plane length (m)
300
::>1
>5200
>+ 7
- 1. 0 to + 0.5
< 0.5
In order to realize the requirements in spite of the limited funds
available it seemed most reasonable to use simple magnets without fo-
cussing edges, curved edges or correction coils. In addition, dispersion,
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focussing and - if necessary - higher order corrections should be pro-
vided by separate magnets. A further correction of ion optical aberra-
tions of higher order is assumed to be performed by reconstruction of
the particle trajectories off-line on a computer. For that purpose the
space and angular coordinates of the par'ticle have to be determined by
the focal plane detector (see contribution 6.3.1 ). As one of the simplest
magnetic configuration fulfilling the stated features a QQDS system
was selected with the two quadrupoles (Q) for horizontal and vertical
focussing, the dipol (D) providing dispersion and the sextupole enabling
, to adjust the focal plane tilt. To reach the required mass energy pro-
duct of 300 at a reasonable dipole field strength, the main orbit radius
was chosen to be 1.50 m. The necessary deflection angle to obtain suf-
ficient dispersion (and resolution) is then 60·. A schematic view of
the magnetic system is shown in fig. 1 of the preceeding contribution
6.2.1.
Due to the flexible focussing system it is possible to place the
focal plane at any position within a given range of 2.3 m. Thereby,
the momentum dispersion of the spectrograph is varied from 2 cm/%, to
4 cm/%. This enables low resolution experiments with large momentum
acceptance of ~ 10 % on the one hand or high resolution experiments
with reduced momentum acceptance (~ 5 %) on the other. For any focal
plane position the horizontal and vertical magnifications are nearly
the same as shown by the characteristic trajectories in fig. 1.
The kinematic corrections can also be performed easily by the
flexible focussing system. In the high dispersion mode kinematical
parameters of - .25 to + 0.2 are covered whereas in the low dispersions
mode the range is - 1.5 to 0.75.
Second order aberrations have been calculated by beam transport
programs and have been found to be important at least for the high
dispersion mode. Taking'into account the expected specifications of the
focal plane detector (1) the off-line correction of the most important
second order effects has successfully been simulated by a ray tracing
and analyzing program.
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DETECTORS
Design of a Position Sensitive Particle
Detector for the Magnetic Spectrograph
"Little John"
S. Zagromski, H.J. Gils, and H. Rebel
The focal plane detector of a magnetic spectrograph has to perform
two tasks of operation: Measurement of the position of a particle tra-
versing the focal plane and identification of charge and mass of the
particle. Various types of detectors for these purposes are in use in
different accelerator laboratories. For the Karlsruhe magnetic spectro-
graph "Little John" it seemed to be reasonable to adopt a well operating
concept and to optimize it for the specific requirements. For the posi-
tion sensitive part of the detector the combination of a gas propor-
tional counter with single-wire charge division read-out for determining
the x-position and a drift chamber for determining the y-position as it
is used at the KVI in Groningen (1) was found to be best suited for our
requirements., The design and dimensions of the detector are shown in
the schematic outline of fig. 1 (see ref. 2).
Particles enter the detector through a Kapton foil of 50 x 5 cm2
which holds apressure difference of 1 atm. They pass through two posi-
tion sensitive detectors with 10 cm distance between each other. The
first one is located exactly at the focal plane of the spectrometer
and provides the x-y-position of an incoming particle at this place.
The second position sensitive detector gives another set of x-y-coordi-
nates which enables the determination of the incident angle of the
particle. TheAE ionisation chamber, measuring the specific energy
loss of the particle, and the ER scintillator, stopping the particle
entirely, serve for particle identification. For this purpose the
time of flight of the particle between a time-start detector near
the target chamber and the ER scintillator is also measured. To mini-
mize energy straggling and los ses in the spaces between the detectors,
which are filled with a (heavy) counter gas, the detector chamber is
filled with He-gas at the same pressure. The pressure is adjusted on
small gas-flows.
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Fig. 1: Schematic cross section of the detector.
All charge sensitive preamplifiers are placed outside of the
detector chamber. Feedthroughs on the bottom connect the detector ele-
ments with the electronics and high voltage supplies.
The detector is movable fixed on its support and electricallY
isolated against the beamline and the support.
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6.3.2 A position Sensitive Parallel Plate
Avalanche Counter for Light Particles
+ + +K. Frank , W. Kretschmer , W. Stach ,
P. Urbainsky+, and H.G. Rebel
For the Erlangen QD magnetic spectrometer a position sensitive
parallel plate avalanche detector (PSPD) was developped (1), which
is designed for a high counting rate at extreme forward angles and
for light particles. According to ref. 2 the PSPD consists of two
foils 5-8 mm apart, where in an electric field of about 1 kV/cm an
electron avalanche is produced by an ionizing particle. The corres-
ponding signal is divided on the one foil, which is coated with a
suitable resistive Cr layer of 1-3 kQ. The detector is shown schema-
tically in fig. 1 together with the electronic set-up. Since we plan
to separate deuterons and a-particles also due to their energy loss
6E, the detector was optimized for a maximum 6E signal and a simul-
taneously good position resolution.
By the use of isobutane instead of the usual Ar-methane mixture
the gas amplification was increased by a factor of about 10. The detec-
tor voltage was chosen as high as possible, but slightly below the
point of sparks, The dependence of the position resolution on the
electric field is shown in fig. 2 for two different resistor plates
(R=0.9 kQ and 3.3 kQ). A position spectrum for typical working condi-
tions (U=860 v, p=8 mbar, d=7 mm, R=3.3 kQ) is shown for a-particles
in fig. 3; the half width corresponds to a position resolution of
1 mm. The energy loss for deuterons and a-particles from deuteron
. d' d . 12 h d" k' f' 41n uce react10ns on C, s own as two 1st1nct pea S 1U 19. ,
allows .a good separation of these particles. The extension of this
simple detector to a two dimensional xy-detector seems to be easy
and is now in progress.
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SPALLATION SOURCE
Feasibility Study of High-Intensity H
Sources for a Linac
S. Göring
Ion
In order to increase the peak intensity of the neutron pulse for
the projected spallation source the beam pulse of the linac must be
compressed by an accumulator ring. The injection of the whole beam in-
tensity of the linac (100 mA) into the accumulator ring is only pos-
sible by charge exchange injection of H ions. Therefore, the linac
would have to be equipped with a H- ion source characterized by the
parameters given in the last column of table 1. It is the aim of this
study, to examine the possibility to develope such an ion source.
The basis reaction for the production of a high intensity H
ion beam is the generation the H- ions by . . f + ionsof 1nteract10n 0 H
with alkali atoms (caesium or sodium). There are two types of ion
sources in use and development. The first one is the charge exchange
source in which a positive ion beam is extracted from a plasma source
and then converted into H- ions in a separate charge exchange cello The
other one is the so called surface plasma source (SPS) in which the
negative ions come from a cesium-coated metal surface inside a plasma
ion source. For the SPS, cold-cathode magnetron and Penning type
discharges are used. These compact ion sources having a discharge
chamber with a volume of several cm3 produce negative ion beams of up
to 1 A with a current density of up to 4 A/cm2 • Immediately behind
the extraction elektrode the H- beam must be focused by a dipole magnet
with an inhomogenious magnetic field.
Many experiences with H- ion sources are available in the Fermi-
Laboratory (FNAL), in Los Alamos (LASL), in Novosibirsk, in Argonne
(ANL), and in Brookhaven (BNL). In table 1 a comparison is given between
fundamental parameters of the H ion sources realized in these labora-
tories
linac.
and the parameters of the ion
Successful operation of a H
source required for the projected
ion source at a linac (200 MeV)
over more than one year was demonstrated in the Fermi-Laboratory. A
comparison between the operating parameters of this source and the para-
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Table 1: The parameters of H ion sources
Laboratory FNAL LASL Novosibirsk ANL BNL required
parameters
Typ of ion M P P M DU M P
source
Beam current 1 200 100 200 1000 33 900 440
(mA)
Beam 2 50 40 27 150current
(mA)
Duty-cycle 0.15 2 2 2 1.5 5
(%)
Duty-cycle 0.1'15 0.5·40 0.2,100 0.5,30 50 ms 3 ms 0.5' 100
(ms 'Hz)
Emittance3 0.088 0.02 0.003 0.1
(cm'mrad/1T)
Emittance4 0.15 0.06 0.02 0.1
(cm'mrad/1T)
Life-time 60 > 40 13 14 maximum
(d)
Gas flow 0.03 0.25 0.13 minimum
(T'l/s)
P Penning source M Magnetron source
field
DU
1
2
3
4
Duoplasmatron with a separate charge exchange cell
Behind the extraction electrode
Behind the preaccelerator (750 keV) or the dipole magnet
Normalized emittance for the plane parallel to the magnetic
of the dipole magnet.
Normalized emittance for the plane perpendicular to the magnetic
field of the dipole magnet
No data available
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meters of the ion source required for the projected linac shows that
the H- beam current at the end of the preaccelerator must be in-'
creased by a factor of 3 and the duty-cycle by more than a factor of
30. This requires improvements at the ion optics of the extraction
system and of the dipol magnet and a more effective cooling of the
cathode. Another problem arises from the expected short lifetime for
the cathode of an ion source with the required H- beam current of
150 mA at a duty-cycle of 5 %.
6.4.2 Beam Diagnostics for a Spallation
Source Linac
H. Schweickert
In the frame of the project study "Spallation Source" we have
started to think about the beam diagnostics for the 1.1 GeV, 6-10 mA
linear accelerator. One of the main problems is that for such a high
current machine the overall los ses of the beam have to be in the order
of 10-4 otherwise serious problems are encountered during the operation
of such a machine (induced beam activation; radiation damage to the
components etc.). There is no hope that the amount and causes of the
beam losses can be fore seen to such aprecision using even the most
sophisticated beam dynamics codes. The only way out is, to build an
appropriate beam diagnostics in order to determine at any particular
stage of development the dominant causes of beam spill.
For the diagnostics system itself the key problems are: The high
power of the beam and the high precision needed. The first one can be
bypassed by assuming that the beam quality parameters will not change
dramatically by reducing the duty cycle (100 ~sec-width, up to 10 Hz
repitition rate). For tQis case diagnostics equipment is in use at
LAMPF, BNL and CERN.
Most of the beam quality parameters however will probably only
be measurable for the hot spot of the beam and not for the "halos".
These require a sophisticated loss measurement system with the hope to
extract from time and space dependent loss patterns the causes of beam
spills. Fig. 1 shows a first layout of a beam diagnostics system for
turnup and retune in the range of the accelerator.
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Fig. 1: First layout of a beam diagnostics system for a spallation source linac.
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DATA PROCESSING AND COMPUTERS
GS Function Software
+J. Buschmann and K. Gogg
B7
POLY1
CHAR1
DINH,DINQ
GRIDl
The Graphie System (GS) as developed by HDI and described in
ref. comprises the fundamental GS-functions to handle pictures,
parts, and objects. Moreover, some supplements are available as
software generators for lower case and Greek letters, dotted lines,
and so on (2).
In order to enhance the usefulness of GS, more sophisticated
function software was developed in the last few months and compiled
in a separate manual (3). Besides a number of subroutines, UFO-
programs, TSO-procedures and interface programs contributed by other
authors, the following items seem to be of general interest:
AXIS1 generates a horizontal or vertical, linear or logarithmic
axis;
performs the allocations and initialisations needed for
GS running in a TSO-environment;
generates a self-defining symbol;
generate a DIN-frame with or without the KfK-emblem;
generates a grid by equidistant dotted lines, leaving
out a window;
HIST1,HIST2 display an one-dimensional spectrum as a histogramm
filling up a given frame;
MAP1,MAP2,MAP3 displaya two-dimensional spectrum toning the
contour sections or the individual cells by uni-
formly or statistically distributed points;
generates a regular polygon or a circle or a sec tor
of both;
RAST 1
SHADl
SPLl
TRLl
generates ten.different overlapping point mosaics the
densities of which are stepped by factors of two;
shades the area given by a closed or open polygon, the
angle and distance of the shading lines being free
parameters;
generates the image of a polygon reflected by a vertical
or horizontal straight line;
shifts, scales, rotates, and copies a polygon.
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All these functions are written in FORTRAN and exist in a subroutine
version (card decks available) as weIl as in the UFO-program form,
in general stored in private TSO-LOAD-libraries. They make use
of all the special features provided by GS as attribute list, facul-
tative arguments, checking the GS-error variable after each GS-CALL,
and, in case of UFO-programs, using FT09FOOl as output file.
The work will be continued.
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6.5.2 Status of the BASIC-Compiler
G. Ehret
BASIC is a programming language which is implemented in the
NOVA computer as incremental compiler of a p-maschine type inter-
mediate code. This special form of an interpreter system (inter-
preting the p-code) combined with a good runtime support gives a
lot of advantages to the programmer, both during the program develop-
ment phase and during the debugging phase. But when development
·begins to stagnate and usage of programms increases the users want
faster program execution. Without rewriting the whole program this
can only be achieved by a compiler. Therefore the "Institut für Ange-
wandte Informatik und formale Beschreibungsverfahren" was initiated
by us to implement a BASIC-Compiler for Data General NOVA compu-
ters (1).
The work has been done in aseries of 3 diploma works (2,3,4).
The compiler is now operational. It is compatible with all
features of the interpreter system e.g.:
The statement ENTER"filename" allows user overlays for
programs too big to be loaded at one. The compiler meets all
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behaviour of the interpreter in the case of line number
mixture between the resident part and the part to be ENTERed.
Dynamic erasing of program lines is implemented to allow dyna~
mic reduction of programs in size.
Real-time features are available using the ON ERR THEN GOSUB nnn
statement extended by us (6) to fulfill the interrupt
handling.
The only differences between the compiler and the interpreter
system are:
1.) Dynamic allocation of fields is not implemented, but redimen-
sioning is allowed. This means the very first dimensioning may
not have the form
20 N=70
30 DIM A(N)
2.) FOR-NEXT loops must be unique. The case of one FOR and several
NEXTs jumped to by IF condition is not supported.
3.) The syntax checking part is kept small. It is assumed that
programs are first passed to the interpreter which monitors
them for correct syntax.
4.) The SAVE statement is not implemented because there is no real
need for it in programs.
The compiler is written in BASIC. It has compiled itself in an
20 hours run. The compiled compiler does the work 6 times faster.
This factor applies to the text handling part of BASIC. Computational
factors of 4-5 have been measured. Using virtual overlay techniques
on mapped NOVA3, NOVA4 or ECLIPSE maschines, another factor of 1.6 is
possible. Thus the gain is close to the factor measured formerly
between BASIC and FORTRAN IV execution times.
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lntroduction of a 'Common Memory' into
Mapped NOVA RDOS
H. Sobiesiak
On the older machines of type NOVA-2 we supp1ied the user with
an program-independent memory of up to 128kB for his data-accumu1a-
tion. This memory area was on1y accessib1e by data-channe1 transfers
and cou1d not be modified or destroyed by means of normal program
execution. Additiona11y the user had the possibi1ity to start his
measurement with one app1ication program, then to return to the
operating-system (CLI) and do a lot of other work (e.g.: running
compilers) whi1e his data-co11ection was still in progress.
The introduction of the NOVA-3 series of mini-computers, which
offers a main memory size of up to 256kB together with paging hard-
and software, raised a serious problem for the way of data-co11ection
.mentioned above. On a mapped NOVA-3 (or NOVA-4) ,the memory a110ca-
tion is no 10nger static, thus an uncontro11ed data-acquisition might
possib1y destroy the user-program. Additiona11y the data-channe1
memory requirements have to be dec1ared to the operating system which
keeps two paging-tab1es (each for 32 pages) of data-channe1 accessib1e
memory (page-size: 2kB). These paging tab1es too are set up dynamica11y
and thus there was actua11y no chance to get a contigious data-channe1
memory of up to 64kB.
To overcome these problems a 'common-memory' area was imp1emeted
into RDOS by making sma11 source-code modifications to the operating-
system and imp1ementing two additional system-ca11s.
By means of the first ca11 the user withdraws up to 64kB of memory
from the systems pool of unused memory, stores the physica1 page-
numbers into a special tab1e and reserves all of the data-channe1
map B (the second of the above-mentioned paging tab1es for this
'common memory'). lf the user claims for 1ess then 64kB the rest of
map-B is set to a write-protected status. This memory-a11ocation can
on1y be performed from the background-program without any running
foreground-program.
The second ca11 a110ws the user to get the size of the 'common-
memory' area (in multiples of 2kB).
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Program-acces to da ta stored in this area can be done from both
fore- and background programs by the use of standard RDOS task call
.REMAP by specifing logical pagenumbers that are beyond the range of
the program'~ own extended memory. Up till now no means are provided
to protect the 'common-memory' against programmed modification by the
second user.
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research at Los Alamos
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Exotic atoms
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